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A B S T R A C T 
A new, s l i g h t l y c r y s t a l l i n e , monofunctional 
inorganic ion exchanger, stannic ferrocyanide, having 
Sn:Fe r a t i o of (2 .5 :1) has been synthesized by mixing 
0.1M aqueous so lu t ions of s tannic chloride and potassium 
ferrocyanide in the volume r a t i o 5:1 a t pH 0 .8 . I t s ion 
exchange capacity has been found to be 2,02 m,eq./dry 
gram. The ion exchange mater ia l i s f a i r l y s table in water 
and in 0.1M HNO,. I t has high K^  values for P b ( I I ) , 
Cd( I I ) , Cu(I I ) , AI(III), G a ( I I l ) , N i ( I l ) , Co(II ) , Mn(II) , 
Z n ( I l ) , B a ( I I ) , S r ( I I ) , Mg(II) , Y ( I I I ) , B i ( I I l ) , Sm(II l ) , 
Nd(III) and P r ( I I I ) ; and low K^ values for K( I ) , Na(I) 
and Fe ( I I I ) in aqueous systems. The chemical s t ab i l i t y^ 
e lu t ion curve and pH- t i t r a t ion curve of the exchanger have 
also been s tudied. On the bas is of these proper t ies and 
i t s thermogram the following s t ruc tu re has been proposed 
t en t a t i ve ly : 
0 0 
/I II 
HO - Sn OH Sn-OH 
HFe(CN)^ - Sn - HFe(CN)^ 
I ^ I I ^ 
HO - Sn 
II 
0 
OH Sn-OH 
II 
0 
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Besides, twelve other samples of stannic ferro-
cyanide under different conditions have been prepared 
and a comparative study of their properties has been made. 
Chromatographic behaviour of 47 metal ions has 
been studied on papers impregnated with stannic selenite 
in 40 solvent systems using the ascending technique. A 
large number of interesting and analytically difficult 
separations have been developed. Some important separa-
tions are as follows: 
1. Separation of one cation from numerous metal ions; 
Au, Mg, K, Nb, Hg(II), Sb, Zn, In, Mo, W, Ga, Ni 
and Cs may be separated from numerous metal ions, 
2, Binary and ternary separations: 
(Cs-Rb), (Gs-K), (Tl-Al), (Fe(IlI)-Al), (Mo-Gr), 
(In-Zn), (Ba-Sr), (Zr-Nb), (V-Nb), (Be-Al), (Be-Mg), 
(Al-Cr), (Ge(III)-Y), (UOg-V), (Ga-Tl), (Zn-Pb), (V-Ti), 
(Gs-Cr), (Gd-Cu-Zn), (Tl-Pb-Bi), (Fe(III)-K-V), (K-Mo-V), 
(Au-Ag-Pt), (Au-Ag-Pd), (Gr-Co-Ni) and (Ni-Co-Tl) etc., 
have been practically achieved. 
XL 
Electrochromatography has also been used to 
investigate the ionic movement of 48 metal ions on 
stannic phosphate papers as supporting medium using 
twelve electrolytes under the influence of a constant 
voltage (4-0--100 Volts), A large number of important 
separations have been achieved. The results are sum-
marized under the following heads: 
^• Separation of one cation from numerous metal ions; 
Ba, Sr, Mn, Hg(II), Pt, Mo, W, K, Rb, Cs, Ni, 
Cd, Zn, Co, and Tl may be separated from numerous metal 
ions. 
2. Binary and ternary separations; 
(Tl-Ag), (Tl-Pb), (Pe(III)-Mn), (Sr-Ba), (Sr-Ca), 
(Sr-Mg), (Cr-Zn), (In-Ga), (Pt-Ag), (Pt-Cu), (Pd-Ag), 
(Pd-Cu), (Ba-Ca), (UOp-V), (Ir-Pt), (Ir-Au), (Ba-Sr-K), 
(Au-Pd-Cu), (Ga-Tl-Zn), (pd-Ag-Cu), (Au-Cu-Ag), 
(Ag-Pt-Pb), (Ag-Cu-Cd), (Ag-Cu-Pt), (FeXlII)-Cu-Cd), 
(Pt-Ir-Cu), (Pt-Au-Cu), (Pt-Ag-Tl), and (Tl-Ga-In) etc., 
have been practically achieved. 
XLl 
C H A P T E R I 
I N T R O D U C T I O N 
Most of the useful p roper t i es of Indian drugs 
depend not only upon t h e i r organic cons t i tuen t s but a lso 
upon the metal ions which are present i n them. I t i s , 
therefore , important to separate and determine the cat ions 
of these indigenous drugs. As far as the separat ion of 
metal ions i s concerned, a number of modern methods are 
avai lable e . g . , chromatography, ion exchange, e l e c t r o -
phores is , l i qu id - l i qu id ex t r ac t ion , homogeneous p r e c i p i -
t a t i o n , vaporizat ion and e l e c t r o l y t i c deposi t ion. Of 
a l l these methods one of the most promising i s ion 
exchange. For th i s reason the ion exchange res ins have 
been very thoroughly inves t iga ted during the l a s t 30 
years and a number of very d i f f i c u l t separa t ions have 
been achieved with t h e i r he lp . Important examples of the 
separat ion of ca t ions by ion exchange inc lude : (1) Sepa-
ra t ion of lan thanides , ( i i ) separat ion of a l k a l i metals , 
( i i i ) separat ion of Zr and Hf, ( iv) separat ion of r ad io -
act ive i so topes . 
The ion exchange r e s i n s , however, suffer from a 
number of l i m i t a t i o n s . The res ins are damaged by aqueous 
systems a t high temperatures. They break down eas i ly i n 
the presence of ion iz ing radia t ions(1 ) , Therefore, a t t e n -
t ion has been concentrated during the l a s t 20 years on 
the development of synthet ic inorganic ion exchangers(2-1 9) . 
These ion exchangers are very s tab le i n the presence of 
radiat ions(20-23) and a lso a t high temperatures(24) i n 
aqueous so lu t ions . They a r e , there fore , of very great 
i n t e r e s t for water treatment a t h i ^ temperature and for 
chemical processing of highly act ive so lu t ions . Thus, 
there has been a renewed i n t e r e s t i n the synthesis and ion 
exchange p roper t i e s of these ma te r i a l s . Ea r l i e r s tudies 
on these ion exchangers have been admirably summarized 
by C.B. Amphlett i n h i s book, "Synthetic Inorganic Ion 
Exchangers"(25). 
In order to make ful l use of synthet ic inorganic 
ion exchangers i t i s very important to synthesise new 
mate r i a l s and to study the separat ion po t en t i a l of old 
inorganic ion exchangers. Of a l l the ion exchangers 
zirconium phosphate has been studied i n the g rea tes t 
d e t a i l . I t i s comparatively s table and has an appreciable 
ion exchange capaci ty . I t can be prepared i n an amorphous 
(26,27), as well as i n a c r y s t a l l i n e s t a t e (19,28), I t 
has , however, many disadvantages which make i t necessary 
to inves t iga t e new ion exchange ma te r i a l s . These d i s -
advantages are : ( i ) i t s poor ion exchange capaci ty, 
( i i ) i t s hydro lys i s , ( i i i ) i t s high cos t . For th i s 
reason a number of other m a t e r i a l s , for ins tance z i rcon-
ium molybdate, tungs ta te , se len i te (29), arsenate (30), 
antimonate, oxa la te , s i l i c a t e , s u l f i t e and vanadate have 
been synthesised. S imi lar ly , ion exchangers based upon 
t i tanium, cerium(31), t in (32 ,33) , and thorium(54) have 
been inves t iga t ed , though i n a l e s s e r d e t a i l . All these 
mate r i a l s have small ion exchange c a p a c i t i e s . Efforts 
have, therefore , been made to find new inorganic ion 
exchange mate r ia l s having h i ^ e r ion exchange capac i t i e s . 
The inorganic mate r ia l s which have grea te r ion exchange 
capac i t i e s are the ferrocyanides. And, hence considerable 
a t t en t i on i s being paid to the syn thes i s , the s t ructure 
and the ion exchange proper t i es of metal ferrocyanides 
(35-39). The ferrocyanides, recent ly inves t iga ted for 
use as ion exchange m a t e r i a l s , include those of t i tanium, 
z inc , n i cke l , cobal t , uranium, i r o n , cadmiiun, copper, 
s i l v e r ( 4 0 ) , molybdenum(H),tungsten(41 ) and vanadium(42). 
None of these ferrocyanides has , however, been studied i n 
a systematic manner. I t i s , therefore , necessary to 
i nves t iga t e the p roper t i e s and the synthes is of these 
substances and to synthesise new metal ferrocyanides. 
The inorgsuiic ion exchange mater ia l s are used for 
the separat ion of metal ions by column chromatography, 
paper chromatography, paper e l ec t rophores i s , thin l ayer 
chromatography(43), e lec t rophores is on thin layers (44 ,45) , 
and for studying ion exchange i n fused s a l t s ( 4 6 ) . In 
these s tudies Albert i has done some pioneering work by 
studying the chromatography of inorganic ions on shfeets 
of Ce(IV) phosphate(47). He has a lso separated T1(I ) , 
Hg(I) , Ag(I) and Cs(I) on ammonium molybdophosphate 
papers(48) , Prasi lova and Sebesta have defined the 
optimum condit ions for the separations Cs-fib, Sr-Y, Cs-Y 
and Rb-Y on the papers loaded with ammonium tungstophos-
phate(49) . Lithium, sodium and potassium have been sepa-
rated(50) i n the solvent system, 0.4MNH-BrO,+ O.IM HNO, + 
1 '57 90 90 
MeOH, whi le Schroeder has s epa ra t ed Cs "^  fro© Sr^ , Y^ , 
Cs , Pr ^^ and Ru (51) u s i n g these p a p e r s , G. Grass in i 
has s t u d i e d the chromatographic behaviour of UOp and 
Pb(II ) a t d i f fe ren t temperatures on zirconium phosphate 
papers(52) . He has a l s o e s t a b l i ^ e d the l i nea r r e l a t i o n -
ship between R^ value and degree of impregnation, Cabral 
(53) has separated a lka l ine ear ths from Cs on zirconium 
A 
molybdate papers . Since the inorganic ion exchange papers 
are very s e l e c t i v e , they have been used for the separation 
of Te(IV)-Te(V)-Te(VIl)(54), of rare earths(55-57) and for 
other i n t e r e s t i n g separa t ions (58-67). Papers impregnated 
vdth s tannic tungstate and stannic phosphate have been 
used i n these l abora to r i e s for the separa t ion of metal 
ions (68) . Mention must a lso be made of a number of new 
and i n t e r e s t i n g developments taking place i n t h i s f i e ld . 
Recently, Alber t i has published a s e r i e s of papers on ion 
exchange i n fused s a l t s which appears to be very promising. 
The systematic study of c r y s t a l l i n e inorganic ion exchangers 
i s p a r t i c u l a r l y useful for the e luc ida t ion of t he i r s t r u c -
t u r e s . Clearf ie ld ( 69,70 ) , Baetsle(71) and Alber t i (17 , 
19) have prepared a number of exchangers i n c r y s t a l l i n e form 
and studied the i r s t ruc tu re and ion exchange behaviour. 
This has led to a b e t t e r understanding of the phenomenon 
of ion exchange i n such ma te r i a l s . 
In these l abora to r i e s considerable emphasis has been 
l a id during the l a s t few years on the synthesis of inorganic 
ion exchangers based upon t i n . Thus, s tannic molybdate(72) 
and s tannic tungs ta te (73) , have been recent ly synthesised 
and t h e i r ion excheuage p roper t i es have been determined. 
However, i t should be i n t e r e s t i n g to synthesise a new ion 
exchanger based upon t i n and having a comparatively greater 
ion exchange capaci ty . I t was therefore decided to inves t i -
gate the synthes is and p roper t i e s of s tannic ferrocyanides. 
Work i s also being done here to u t i l i z e the new 
inorganic ion exchangers for the separa t ion of metal i ons . 
In t h i s respect two methods are very simple, ( i ) paper 
chromatography, ( i i ) paper e l ec t rophores i s . Since the 
separat ions achieved on ion exchange papers depend not 
only on the solvent used but a lso on the ion exchange 
mater ia l with which the paper i s impregnated, i t was 
considered worthwhile to inves t iga te systematical ly the 
separat ion of metal i ons on papers impregnated with a new 
ion exchanger i . e . , stannic s e l e n i t e . A number of i n t e r e s t -
ing and speci f ic separa t ions were developed i n th i s manner. 
Despite a large amount of work on the chromatography 
of metal ions on inorganic ion exchange papers very l i t t l e 
work has been done on the separat ion of metal ions using 
papers impregnated with inorganic ion exchangers by e l e c -
t rophores is (74 ,75) . This simple technique u t i l i z e s the 
ion exchange pr inc ip le as well as the e lec t rophore t ic 
effect for the separat ion of the metal i ons and a number 
of separat ions which are not poss ib le by ordinary paper 
chromatography or paper e l ec t rophores i s , a re achieved 
a 
successful ly . I t was, therefore , decided to inves t iga te 
systematical ly the electrochromatographic behaviour of 
numerous metal i ons on stannic phosphate papers . The 
present report summarises the r e s u l t s obtained by using 
the approach mentioned above. 
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C H A P T E R I I 
SYNTHESIS AND ION EXCHANGE PROPERTIES OF 
STANNIC FERROCYANIDE 
Metal i o n complexes formed with f e r rocyan ides 
have shown very i n t e r e s t i n g p r o p e r t i e s as s y n t h e t i c 
i n o r g a n i c i o n exchangers ( 1 - 1 1 ) . They a r e e a s i l y 
p repared and a r e comparat ive ly l e s s prone to the adverse 
e f f e c t s of a c i d s (2) and hea t a s compared to the organic 
i o n exchangers . Their u t i l i t y h a s been demonstra ted by 
h igh exchange c a p a c i t y and they can be used for the 
s e p a r a t i o n of r a d i o a c t i v e waste and f i s s i o n a b l e m a t e r i a l s ( 8 
with l e s s damage by r a d i a t i o n than t h e i r o rgan ic coun te r -
p a r t s . They show h igh s e l e c t i v i t y towards a l k a l i me ta l s 
a s they can i n c o r p o r a t e these me ta l i o n s i n t o t h e i r 
s t r u c t u r e . The work on these i o n exchangers r epor t ed 
so fa r i s most ly on t h e i r p r e p a r a t i o n , rad iochemica l 
p r o p e r t i e s ( 8 ) , c r y s t a l l o g r a p h y ( 7 ) , and a d s o r p t i o n 
behaviour of a l k a l i m e t a l s ( 3 , 4 ) or a l k a l i n e e a r t h s ( 5 ) . 
The i on exchange a d s o r p t i o n of o t h e r i o n s has rece ived 
l e s s a t t e n t i o n . 
Tin(IV) i o n exchangers p repared i n these 
-1 ^ 
laboratories(12,13) have been found to show very good 
ion exchange properties and a few very important and 
difficult separations have been achieved on papers 
impregnated with these materials (14,15). 
No systematic work on stannic ferrocyanide seems 
to have been reported in the literature. Mellor(16) 
has mentioned the formation of a yellow precipitate on 
the addition of potassium ferrocyanide solution to a 
solution of stannic chloride, but its detailed study as 
an ion exchanger is lacking. It was, therefore, consi-
dered worthwhile to investigate this ion exchanger in 
detail. The results of such a study are summarized in 
the following pages. 
E X P E R I M E N T A L 
Reagents ; 
Stannic chloride pentahydrate (Poland) and 
potassium ferrocyanide (B.D.H. Analar) were used. All 
other chemicals were of reagent grade. 
Apparatus; 
Spectrophotometric s tudies were performed on 
Bausch and Lomb spectronic-20 colorimeter . pH-measure-
ments were made on Beckman model-G pH-meter. Sargent 
osci l lometer type V (E.H. Sargent & Co., Chicago) was 
used for high frequency t i t r a t i o n s and a Ph i l ips con-
duc t iv i ty bridge model PR 9500 was used for conductometric 
t i t r a t i o n s . 
Synthesis of Stannic Ferrocyanide; 
Thirteen samples of s tannic ferrocyanide were 
prepared by mixing s tannic chloride with potassium 
ferrocyanide solut ion under d i f ferent conditions.The 
gels formed were digested at room temperature for 
24 hours. The supernatent liquid was then decanted 
and the gels were washed several times with distilled 
water to remove the unreacted reagents. They were 
filtered and dried at 40-45°C. The dry gels were 
immersed in cold water. They broke down to small 
particles with cracking and with slight evolution of 
heat. The exchanger was washed with hot distilled 
water at pH 6-7 to get rid of occluded tin or ferro-
cyanide. It was now, immersed in 1-2M HNO, or HCl 
for 24 hours to convert it in the H form. The exchanger 
in the H form was washed with distilled water to remove 
excess acid. When the wash solution had a pH of 6-7 
the samples were dried at 40-45°C. The particles of 
desired size were then obtained passing the ion exchange 
material through appropriate sieves. The methods of 
preparation and some important properties of the different 
samples are summarized in table I. 
T A B L E - I 
SYNTHESIS OF DIFFERENT SAMPLES OF STANNIC 
FERROCYANIDE UNDER DIFFERENT CONDITIONS 
Sample No. Method of P r e p a r a t i o n Remarks 
S - 1 
S - 2 
S - 3 
S - 4 
S - 5 
S - 6 
S - 7 
0.1M SnCl^ +0.1M K.Fe(CW)g, 
( 1 : 1 ) , pH 4. 
0.1M SnCl^ + 0.1M K^FeCCN)^, 
( 2 : 1 ) , pH 4. 
0.1M SnCl^ + 0.1H K^Fe(CN)g, 
( 1 : 2 ) , pH 4. 
0.1M SnCl^ + 0.1M K^Fe(CN)g, 
( 1 : 3 ) , pH 4. 
0.1M SnCl^ + 0.1M K^Fe(CN)g, 
( 1 : 1 ) , pH 1. 
0.1M SnCl. + 0.1M K^Fe(CN)g, 
( 1 : 1 ) , pH 6 .9 (ammonia) 
0.1M SnCl, + 0.1M K^Fe(CN)g, 
( 1 : 1 ) , pH 9.9 (ammonia). 
Green product 
Blue product 
Blue product which 
d i s so lved dur ing 
washing. 
Blue product which 
d i s so lved dur ing 
washing. 
Blue product 
Brown product having 
shining particles. 
Brown product which 
dissolved in 1-2M HCl 
in 24 hours. 
S - 8 0.1M SnCl. + 0.1M K4Fe(CN)g, 
( 1 : 1 ) , pH 13(NaOH) 
Very l i t t l e white 
p r e c i p i t a t e s which 
d i s s o l v e d dur ing 
d i g e s t i o n . 
TABLE - I (Contd . ) 
Sample No. Method of P r e p a r a t i o n Remarks 
S - 9 0.02M SnCl. + 0.034 K^Fe(CN)g, Blue product 
( 1 : 1 ) , pH 1 . 
S - 10 0.01M SnCl. + 0.01M K.Fe(CN)g, Blue product 
( 1 : 1 ) , pH 1 . 
S - 11 0.1M SnCl- + 0.1M K.Fe(CN)g, Blue b l a c k , sh in ing 
( 3 : 1 ) , pH 0 . 8 . p a r t i c l e s . 
S - 12 0.04M SnCl. + 0.04M K.Fe(CN)g, Blue b l ack , sh in ing 
( 3 : 2 ) , pH 1 .3 . p a r t i c l e s . 
S - 13 0.02M SnCl. + 0.02M K.Fe(CN)g, Blue b l a c k , sh in ing 
( 2 : 1 ) , pH 1.6. p a r t i c l e s . 
i 9. 
R E S U L T S 
I n order to p r epa re an i o n exchanger having a 
high i o n exchange capac i ty and l e s s s o l u b i l i t y , a l l 
the samples prepared were s t u d i e d on a comparative 
b a s i s . Their i o n exchange c a p a c i t y , s o l u b i l i t y i n 
d i s t i l l e d w a t e r , and composi t ions a r e given i n t a b l e I I . 
T A B L E - I I 
A COMPARISON OF THE ION EXCHANGE CAPACITY,SOLUBILITY 
AND THE COMPOSITIONS OF DIFFERENT STANNIC FERROCYANIDES 
Sample Composition Ion Exchange S o l u b i l i t y i n water 
No. (Sn : Fe) ^ ^ p a c i t y ^^^ g^/^O ^^ ^^^ ^^/^O ^^ 
Siam 
S - 1 9 .2:1 
S - 2 3 .2 :1 
S - 5 3:5 
S - 6 100:1 
S - 9 4:5 
S - 10 4:5 
S - 11 5 :2 
S - 12 7:5 
S - 13 5 :2 
0.60 
1.30 
2.29 
0.11 
3.40 
2.95 
2.02 
2 .5 
1.97 
-
0.112 
0.084 
-
-
0.056 
0.068 
0.120 
0.018 
0.05 
0.06 
0.05 
0.00 
0.06 
0.07 
0.00 
0.045 
0.10 
As i t i s c lear from the above t a b l e , the ion exchange 
capacity increases with an increase of the ferrocyanide percentage 
i n the product. However, the gel character improves with an 
increase i n the t i n content of the compound, S-11 was, therefore, 
selected for de ta i led study. 
•1 
Proper t i e s of Stannic Ferrocyanide; 
Stannic ferrocyanide (sample S-11) i s i n the 
form of blue black, hard, shining grannules, su i tab le 
for column operat ion. 
1. Chemical S t a b i l i t y ; 
To t e s t the chemical s t a b i l i t y v isua l ly , 0.2-0.5 gm 
of the exchanger was kept i n 25 ml of d i f ferent solut ions 
a t room temperature with the following r e s u l t s : 
(a) No-change i n 12 hours; 
Sulfuric acid , n i t r i c ac id , formic acid and 
ace t i c acid of a l l concentrat ions , 4M hydrochloric 
acid, 0,02M sodium hydroxide and ^0% aqueous 
oxalic acid so lu t ions . 
(b) The exchanger dissolves in 15 minutes; 
Concentrated hydrochloric acid and ^0% 
ammonium hydroxide. 
The de ta i l ed study of the chemical s t a b i l i t y of 
s tannic ferrocyanide was made as follows; 
The exchanger was f i r s t washed with hot water 
to remove any t i n or ferrocyanide remaining adsorbed 
on the beads. 500 mgs. of t h i s exchanger were then 
re fluxed with 50 ml, of d i s t i l l e d water for d i f ferent 
time i n t e r v a l s ranging from 1 hour to 8 hours. On 
determining the amounts 4>f t i n and i ron quan t i t a t ive ly 
in a l l the f i l t r a t e s i t was noticed that there was no 
increase i n the amount of the dissolved ion exchanger 
a f t e r one hour. Therefore, the s o l u b i l i t y was determined 
i n di f ferent solvents taking 500 mgs of the exchanger 
i n 50 ml. of the solvent , ref luxing i t with an a i r 
condenser for an hour i n each case . After cooling the 
solut ion was f i l t e r e d and i n the f i l t r a t e t i n and i ron 
were determined spectrophotometrically by the procedures 
given below: 
Determination of t i n ; 
25 M i l l i l i t e r s of the f i l t r a t e were d i s t i l l e d ( 1 7 ) 
to separate t i n from i r o n . To the d i s t i l l a t e were added 
0.5 ml(2:1) su l fu r i c acid and 5 ml of cone, n i t r i c acid. 
I t was covered with watch glass and heated on a water 
bath to reduce the volume to 2 ml. The white fumes of 
sulfur t r iox ide were then expelled by blowing a i r for 
9 f 
3-5 minutes. I t was then cooled. To t h i s so lu t ion were 
added 5 ml. of 3% aqueous hydrazine su l f a t e , 1 ml of 3% 
hydrogen pero3d.de, 10 ml of ace ta te buffer (pH 4) and one 
ml of freshly prepared gum arabic(1?6) followed by 10 ml 
of phenyl fluorone solut ion (0.1 gm per l i t e r i n methanol 
containing 2 ml of cone. HCl). I t was allowed to stand 
for 5 minutes. The p r e c i p i t a t e s were then dissolved by 
adding a few ml of ^0% HCl. The solut ion was t ransferred 
to a 50 ml standard flask and the volume was made up with 
10% HCl. The absorbance was taken a t 510 mji(l8). The 
blank was t r ea t ed i n an i d e n t i c a l manner. The amount of 
t i n was determined with the help of a ca l ib ra t ion curve 
drawn previously . 
Determination of I ron; 
10 ml of the f i l t r a t e were heated i n a beaker 
with 1 ml of cone. HpSO, and 1 ml of cone. HCl to 
decompose ferrocyanide and cyanide i o n s . The volume 
was reduced to about 1 ml and the solut ion was f ina l ly 
evaporated to dryness . The residue was taken in a l i t t l e 
d i s t i l l e d water and was t ransfer red to a 10 ml stamdard 
f lask . Then 2 ml of hydroxyl-amine hydrochloride solut ion 
(105^ i n d i s t i l l e d water) were added to reduce Fe ( I I I ) to 
0 9 
F e ( I I ) , followed by 2 ml of p h t h a l l a t e buf fe r (pH 4) and 
4 ml of 1 ,10-Phenan thro l ine (0 .3 /^) . The volume was made 
upto the mark by d i s t i l l e d wa te r . The same procedure 
was followed for the blank and the absorhance was measured 
a t 500 mp. The amount of i r o n was determined from the 
c a l i b r a t i o n curve obtsdned e a r l i e r ( 1 9 ) « 
The r e s u l t s of the s o l u b i l i t y de t e rmina t ion i n 
water and a c i d s a r e given i n t a b l e I I I . 
T A B L E - I I I 
SOLUBIHTY OF STANNIC FERROCYANIDE IN WATER AND ACIDS 
Solvent 
D i s t i l l e d water 
0.1M HCl 
0.1M HNO, 
0.5M HNO^  
1M HNO^ 
0.1M HgSO^ 
Amount of t i n 
d i s s o l v e d i n 
50 ml (mgs) 
0.068 
0.024 
0.056 
0.192 
0.192 
0.18 
Amount of i r o n 
d i s s o l v e d i n 
50 ml (mgs) 
0.00 
17.50 
3.5 
3 .5 
5.75 
15.75 
•ns o 
2. Composition; 
200 mill igrams of s tannic ferrocyanide were 
heated with 10 ml of HgSO. and 50 ml of HCl. The 
solut ion was f i r s t blue (ferrocyanic acid) and then 
i t turned yellow. I t was cooled and i n the cold 
solut ion was added stannous chloride solut ion (60 gms 
SnCl2 i n 600 ml HCl and 400 ml HpO) dropwise t i l l the 
colour of i ron was no longer evident . The excess of 
SnClp was destroyed with mercuric chloride (sa tura ted 
solut ion) as usua l , 15 ml of a phosphoric acid -
su l fur ic acid mixture (150 ml H,K). + 150 ml HpSO. 
di luted to 1000 ml) were then added and the volume was 
made upto about 200 ml with d i s t i l l e d water. I ron was 
determined by t i t r a t i o n against KpCr^ O™ solut ion using 
diphenyl amine as i nd i ca t e r (20) , 
For the simultaneous determination of t i n and 
i ron i n the exchanger 200 mgs were dissolved i n sulfuric 
acid - hydrochloric acid mixture as above. To t h i s 
solut ion were added 10 ml of cone. HpSO., 100 ml of 
cone, HCl and about 2-3 grams of t e s t lead i n a 500 ml 
conical f lask . The volume was made upto 300 ml with 
d i s t i l l e d water and the solut ion was heated for an hour 
i n the atmosphere of COp, The solut ion was then cooled 
to 10*^ C i n an i c e bath. Tin and i ron in the reduced 
s t a t e were t i t r a t e d against 0.1N KgCr^ O™ using di phenyl-
amine as the i n d i c a t o r ( 2 1 ) . Thus, the t o t a l quantity 
of t i n and i ron in the exchanger was determined. The 
amount of t i n was then obtained by subt rac t ing the 
quant i ty of i ron from the t o t a l amount of t i n and i ron . 
The r e s u l t s for sample S-11 are summarized i n table IV. 
T A B L E - IV 
COMPOSITION OF STANNIC FERROGYANIDE 
Wt. of 
exchang (mgs) 
200 
200 
200 
200 
200 
the 
•er 
Volume of 
KpCr^ O^ used 
for i r o n (ml) 
(a) 
2.25 
2.30 
2.35 
2.35 
2.35 
Volume of 
KgCrgO^ u 
for i r o n 
t i n (ml) 
(b) 
15.00 
15.95 
14.35 
U . 3 5 
14.40 
sed 
8Lnd 
(b-a) 
12.75 
13.65 
12.00 
12.00 
12.05 
Molar r a t i o 
(Sn : Fe) 
2.7 : 1 
2.9 : 1 
2.5 : 1 
2.5 : 1 
2.5 : 1 
High frequency t i t r a t i o n s were performed by taking 2 ml 
of 0.1M stannic chloride solut ion i n the ce l l and 
t i t r a t i n g against 0.1M potassium ferrocyanide (Figure 1 ) . 
The reverse t i t r a t i o n was carr ied out by taking 2 ml of 
0.1M potassium ferrocyanide i n the ce l l and adding to 
t h i s a O.IM solut ion of stannic chloride (Figure 2 ) . 
Conduc tome t r i e t i t r a t i o n s were performed following the 
same procedure as in high frequency t i t r a t i o n s . The 
r e s u l t s are shown i n f igures 3 and 4. 
3. Ion Exchange Capacity; 
Stsmnic ferrocyanide gel was found to have cation 
exchange p rope r t i e s . Their ion exchange capacity was 
therefore determined by taking di f ferent mono~ and 
bivalent metal ions using the standard method(22). The 
column was prepared in a g lass tube of i n t e r n a l diameter 
6 mm. The flow ra t e of the eff luent was kept 10-12 
drops (app, 0.5 - 0.6 ml) per minute. Table V summarizes 
the r e s u l t s . 
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T A B L E - V 
ION EXCHANGE CAPACITY OF STANNIC FERROCYANIDE 
Metal i o n Capaci ty (meq./gni dry 
exchanger) 
Na(I) 2.02 
K(I) 2 .08 
Ba{II) 2.028 
Mg(II) 1.88 
4, p H ~ t i t r a t i o n Curvet 
Severa l 250 ml c o n i c a l f l a s k s each con t a in ing 
0 .5 gm of the exchanger were tsiken. O.IM sodium hydro-
xide and O.IM sodium c h l o r i d e were added i n d i f f e r e n t 
r a t i o s keep ing the f i n a l volume as 100 ml i n a l l c a s e s . 
The f l a s k s were kep t fo r 3 days a t 25 - 1°C with i n t e r -
mjttant shak ing . Af te r the a t t a i nmen t of equ i l i b r ium 
the pH va lues of a l l the s o l u t i o n s were measured. The 
r e s u l t s a re shown i n f i gu re 5 . 
^ 'f! 
2 3 A 5 6 7 8 
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FIG. 5. t)H-TITRATION CURVE FOR 
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5. Concentration and Elut ion Curves; 
To find out the concentrat ion of sodium n i t r a t e 
su i t ab le for the complete e lu t ion of hydrogen ions from 
the exchanger 250 ml of sodium n i t r a t e so lu t ions of 
d i f ferent concentrat ions were t r i ed as e luen t s . The 
r e s u l t s are shown i n figure 6. The e lu t ion curve was 
then drawn by taking a 3M solut ion of sodium n i t r a t e 
(figure 7 ) . 
6. Dis t r ibu t ion Coeff icients ; 
The u t i l i t y of t h i s exchanger for useful ana ly t i ca l 
separa t ions , was examined by determining the d i s t r i bu t ion 
coef f ic ien ts of d i f fe ren t metal ions i n d i s t i l l e d water 
and i n 0.1M n i t r i c ac id . The following method was used: 
Two ml of the cat ion solut ion and 98 ml of the 
solvent were taken i n a 250 ml conical f lask . The 
concentrat ion of the cat ion solut ion was so adjusted 
that the amount of the ca t ion may not exceed 3% of the 
t o t a l capacity of the exchanger(23). Then 0.5 gram of 
the exchanger i n H form was added. The flask was kept 
a t room temperature (25 - ^ C) for 48 hours with occasional 
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shaking . 40 ml of t h i s s o l u t i o n was t i t r a t e d a g a i n s t 
s tandard 0.002M EDTA s o l u t i o n ( 2 4 ) . K^ va lue of the 
meta l i o n was determined u s i n g the formula: 
where /~Mp__7 = amount of the meta l i o n adsorbed per gram 
of the exchanger , 
and Z~^sol -^ ~ ^^^^^^ °^ *^ ® meta l i o n l e f t pe r u n i t 
volume of the s o l u t i o n . 
Sodium and potass ium were determined i n the 
s o l u t i o n u s i n g r a d i o a c t i v e t r a c e r s . Table VI summarizes 
a l l the K^ v a l u e s . 
T A B L E - VI 
DISTRIBUTION COEFFICIENTS OF SOME METAL IONS ON 
STANMIC FERROCYANIDE. 
Metal i o n 
P b ( I I ) 
Cd( I I ) 
Cu( I I ) 
Compound us 
n i t r a t e 
c h l o r i d e 
s u l f a t e 
led 
i n wa 
CO 
C30 
2520 
^d 
ber 
valu( a 
i n 0.1M HNO^  
1693 
1600 
2520 
3G 
TABLE - VI (Contd . ) 
Meta l i o n 
A l ( I I I ) 
G a ( I I I ) 
Wi( I I ) 
Co( I I ) 
Mn(II) 
Z n ( I I ) 
B a ( I I ) 
S r ( I I ) 
Ca ( I I ) 
Mg(II) 
K(I) 
Na(I) 
I n ( I I I ) 
Y ( I I I ) 
F e ( I I I ) 
Bi ( I I I ) 
Sm(II I ) 
Nd( I I I ) 
P r ( I I I ) 
Compound used 
c h l o r i d e 
c h l o r i d e 
s u l f a t e 
c h l o r i d e 
s u l f a t e 
c h l o r i d e 
c h l o r i d e 
n i t r a t e 
n i t r a t e 
n i t r a t e 
c h l o r i d e 
c h l o r i d e 
s u l f a t e 
n i t r a t e 
alum 
n i t r a t e 
c h l o r i d e 
c h l o r i d e 
c h l o r i d e 
•^ d 
i n water 
0 0 
1680 
0 0 
00 
oo 
oo 
704.5 
1465.2 
484 
2470 
52.6 
20.6 
21.4 
8800 
156.9 
oo 
1905.2 
813 .3 
486.3 
va lue 
i n 0.1M HNO, 
236.4 
176 
840 
588.5 
622.2 
1360.0 
19.4 
9.5 
0 .0 
5.3 
17.4 
-
0.0 
362.5 
10.9 
120.0 
66.6 
8.5 
10.9 
^ aj 
7. Thermogravimetry; 
The results of thermogravimetric analysis of the 
sample S-11 are given in figure 8. To see the effect of 
heat on the colour of the exchanger and on its ion 
exchange capacity one gram portions of S-11 were heated 
at 100°C, 200°C, 300°C and 400°C for one hour in each 
case. Capacities of all the samples after heating were 
determined as usual. The results are shown in table VII, 
T A B L E - VII 
EFFECT OF HEAT ON STANNIC FERROCYANIDE 
Temperature Color of the beads Capacity 
in °C meq, 
Room temp. 
100 
200 
300 
400 
Blue black 
Blue black 
Dirty black 
Brownish black 
Brown 
2,02 
2.02 
0.60 
0.02 
0.01 
^ Q 
75 150 225 300 375 450 525 600 675 750 825 900 
Temperature (°C) 
FIG.8. THERMOGRAM OF 
STANNIC FERROCYANIDE 
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8. X-Ray diffraction studies; 
X-Ray diffraction studies showed that stannic 
ferrocyanide i s sl ightly crystal l ine at room temperature. 
The crystal l ine character increases as the temperature 
i s raised, and at 400°C a good X-Ray pattern i s observed. 
1 '...' 
D I S C U S S I O N 
From table IX i t i s c lea r that i n highly acidic 
so lu t ions (pH 1) the molar r a t i o of t in and i ron i n the 
gel depends upon the volume r a t i o of mixing. At higher 
pH values (pH 4-7) the ana lys is of the p r e c i p i t a t e s 
formed shows that the amount of t i n present i s always 
greater than the i ron content of the sample. This i s 
probably due to the formation of some t i n hydroxide at 
the higher pH value . This inference i s supported by the 
fact that the p r e c i p i t a t e s formed a t pH 6.9 show S,n:Fe 
r a t i o as 100:1. Moreover the samples prepared a t pH 10 
and at pH 1 3 dissolve eas i ly i n acid so lu t ions . On 
drying a l l the ge ls turn blue black or prussian blue. 
This i s perhaps due to the redox phenomenon taking place 
i n the system. This i s indica ted by the pos i t ive t e s t s 
obtained for f e r ro - and fer r icyanides i n an a lka l ine 
solut ion of the exchanger. When the exchanger i s , however, 
dissolved i n a su l fur ic acid - hydrochloric acid mixture 
the so lu t ion does not give a pos i t ive t e s t for these 
r a d i c a l s . I t may be due to the decomposition of ferrocyanide 
. n 
and the subsequent oxidation of Fe( I I ) to Fe ( I I I ) by 
HpSO.. Such a so lu t ion , there fore , gives the t e s t for 
i r o n i n the t r i v a l e n t s t a t e only. 
The thermogram of stauinic ferrocyanide (figure 8) 
i s very helpful i n the determination of i t s s t ruc tu re . 
The breaks i n the curve are observed at 150*^0, 275°C, 
325°C, and 690°C; the % weight l o s s a t these points being 
8,02, 15.6, 22.8 and 25.3 r e spec t ive ly . On the bas i s of 
these observations and the r e s u l t s given e a r l i e r , the 
s t ruc ture of s tannic ferrocyanide may be t en ta t ive ly 
proposed as follows: 
0 
1  
HO - Sn 1 
HPe(CN). . 
( 
1 
HO - Sn 
II 
0 
OH j 
- Sn -
1 OH 
0 
II 
Sn - OH 
( 
- HFe(CN)g 
1 
Sn - OH 
11 
0 
6H20 
I f t h i s formula i s assumed to be c o r r e c t and 
t h e o r e t i c a l pe rcen t l o s s i n t h e weight i s c a l c u l a t e d at 
each break of the curve , then the fo l lowing i n f e r e n c e s 
a re p o s s i b l e : 
Q 
(a) Six water molecules pe r mole of stannic ferrocyanide 
are present i n the exchanger. They are l o s t on heating 
upto 150°C (Theoretical loss of w e i ^ t due to the loss of 
SH^ O = 8.396). 
(b) After 150*^ C the condensation of the molecule takes 
place due to the loss of 4 s t ruc tu ra l water molecules. 
I t i s completed a t 275°C. (Theoretical loss of weight 
= 13.895). 
(c) The por t ion between 275°C and 325°C ind ica tes the 
decomposition of ferrocyanide and the loss of 4CN" r ad i ca l s . 
(Theoretical loss = 22.256). 
(d) The loss of cyanogen i s continued upto 690^0. The 
f l a t por t ion a f te r 690° i s due to the oxides of i ron and 
t i n , (Theoretical t o t a l weight loss = 29«6^)» 
The thermogram of stannic ferrocyanide closely 
resembles with that of the s i l v e r ferr icyanide(25) which 
loses cyanogen a t ordinary temperatures. Stannic f e r ro -
cyanide a lso loses cyanogen when placed at room temperature. 
I t suggests , the re fore , tha t some oxidation of ferrocyanide 
takes place i n s tannic-ferrocyanide system. 
'T) 
Since only one i n f l e c t i o n point i s observed i n 
the pH- t i t r a t i on curve (figure 5) i t appears that the 
exchanger behaves as a mono-functional ac id . This curve 
shows tha t when only NaCl i s taken i t re leases the hydrogen 
ions and hence a shsirp decrease of pH occurs. On the 
addit ion of NaOH the pH increases rapidly and above pH 7 
the exchanger begins to d i s so lve . On gradual increase 
i n the volume of NaOH the r a t e of d i s so lu t ion and hydro-
l y s i s of the exchanger increases and there i s a cor res -
ponding increase i n the pH of the so lu t ion . I t i s perhaps 
due to the fact that the p a r t i a l exchange of H with Na 
slows down the r a t e of exchange and the re lease of H ions . 
No appreciable change i n pH i s recorded a f t e r 12 .1 . 
The concentration curve shows tha t the capacity of 
s tannic ferrocyanide i s strongly dependent on the concen-
t r a t i o n of Na"^ . I t becomes almost constant at ^/~'Na'*'__7 
(figure 5 ) . The e lu t ion curve (f igure 6) shows that 
nearly a l l H ions are re leased i n the f i r s t 30 ml of the 
e f f luen t . Further e lu t ion replaces the hydrogen ion to 
a small extent only. In t h i s behaviour the stannic f e r ro -
cyanide resembles s tannic molybdate(12) and stannic 
tungs ta te (13) . 
. ^ ^ ' 
The observed K^ va lue s of meta l i o n s ( t a b l e - XI I I ) 
show t h a t s t a n n i c f e r rocyan ide has a g r e a t a f f i n i t y for 
Pb , Cd, Cu, A l , Ga, Ni , Co, Mn, Zn, Ba, S r , Ca, Mg, Y, B i , 
Sm, Nd, and Pr i n aqueous s o l u t i o n s . Sodium, potassium 
and indium have low K^ v a l u e s , and t h e r e f o r e i t i s p o s s i b l e 
to s e p a r a t e them from o the r meta l i o n s . The adsorp t ion 
of meta l i o n s was a l s o s t u d i e d i n O.IM HNO, which shows tha t 
the K^ value dec rea se s a s the hydrogen i o n c o n c e n t r a t i o n 
i n c r e a s e s . Th is f ac t can be p r e d i c t e d i f the i o n exchange 
r e a c t i o n i s def ined by the equa t i on : 
M"*"^  + nHR ' MR + nH"^  
(aq) -^  
Z""R-7 
and K d 
Where 
+n 
M = Cone, of meta l i o n i n the s o l u t i o n 
. (aq) 
TMC] = Cone, of metal i o n i n the exchanger. 
I f hydrogen i o n c o n c e n t r a t i o n i s i n c r e a s e d the 
r e a c t i o n w i l l tend to proceed i n the backward d i r e c t i o n 
and t h e r e f o r e the adso rp t ion of the meta l i o n on the 
exchanger i s dec reased . Thus, r a r e e a r t h s (Sm, Nd, Pr ) 
which show high a d s o r p t i o n i n aqueous medium, have very 
low K^  values i n 0,1M HNO,. S imi lar ly , Ba, Sr, Ca, and 
Mg lose t h e i r a f f i n i t y &r the exchanger in acid solut ions . 
On the bas i s of K^  values the p o s s i b i l i t y of some separa-
t ions can be explored. However, on a column of 2 gm. 
ion exchanger ( in a tube of i n t e r n a l diameter 6 mm) the 
metal ions such as zinc and aluminum (K^ value = 00) are 
found to be eluted i n water. Separations such as In-Cd 
smd In-Pb were t r i e d . In both cases while indium i s 
quan t i t a t i ve ly eluted in water, the e lu t ion of cadmium 
and lead can not be said to be q u a n t i t a t i v e . The exchanger 
dissolves to some extent i n the eluent (0.5M NH.NO, i n 
1M HNO,). In the case of In-Ga mixtures , indium i s quan t i -
t a t i v e l y separated by e lu t ing i n water while gallium 
remains on the column. This study reveals that stannic 
ferrocyanide has promising p o s s i b i l i t i e s for some important 
separa t ions , but further i nves t iga t ions are needed before 
the fu l l value of t h i s ion exchanger i s rea l ized in quan-
t i t a t i v e ana lys i s . 
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C H A P T E R I I I 
SEPARATION OF METAL IONS ON STANNIC SELENITE PAPERS 
S y n t h e t i c i n o r g a n i c i o n exchangers sometimes show 
unique s e l e c t i v i t i e s for meta l i o n s ( 1 ) . This ou t s t and ing 
p rope r ty can be u t i l i z e d i n chromatography by impregnat ing 
pape r s with these m a t e r i a l s . For t h i s purpose the i no rgan i c 
m a t e r i a l has d e f i n i t e advantages over o rgan ic r e s i n s ( 2 ) : 
( i ) i t s s y n t h e s i s and impregna t ion on paper i s e a s i e r , 
( i i ) i t does not sh r ink s i g n i f i c a n t l y i n con tac t with 
aqueous s o l v e n t s or exchanging i o n s , ( i i i ) the amount of 
the i o n exchanger on the paper can be var ied and papers 
with d i f f e r e n t i o n exchange c a p a c i t i e s can be e a s i l y 
p r e p a r e d , ( i v ) i t i s more s e l e c t i v e and many d i f f i c u l t 
s e p a r a t i o n s can be done e a s i l y . When used i n conjunc t ion 
with mixed s o lven t systems the i n o r g a n i c ion exchange 
paper s become even more e f f e c t i v e for the s e p a r a t i o n of 
c a t i o n s . However, the a c t u a l s e p a r a t i o n s achieved depend 
not only on the so lven t system used but a l s o on the i o n 
exchanger with which the paper i s i m p r e g n a t e d ( 3 ) . I t i s 
t h e r e f o r e always i n t e r e s t i n g t o s y n t h e s i s e new ion 
i • ( 
exchangers, to impregnate them on papers and to study the 
chromatographic behaviour of metal ions on these papers 
(4 -7) . Keeping t h i s i n t e r e s t i n view synthet ic inorganic 
ion exchangers containing Tin(IV) were synthesised in 
these l abora to r i e s (8 -9 ) . These mate r ia l s were studied 
to explore t h e i r phys ica l , chemical, and ion exchange 
p rope r t i e s . The chromatographic work done here on papers 
impregnated with synthet ic ion exchange mate r ia l s contain-
ing Tin (IV) showed i n t e r e s t i n g s e l e c t i v i t y towards metal 
ions( IO) . The following chapter describes the r e su l t s 
obtained when 47 metal ions were chromatographed on stannic 
s e l en i t e papers i n 40 aqueous and mixed solvent systems. 
As a r e s u l t a number of i n t e r e s t i n g separat ions have been 
developed. 
E X P E R I M E N T A L 
Appara tus : 
Chromatography was performed on 14 x 3 cms 
Whatmaji No. 1 paper strips using 20 x 5 cms glass jars. 
Electrophoretic studies were carried out in a horizontal 
type apparatus of Eastern Laboratories Instruments (India). 
Reagents: 
Chemicals and solvents were either E, Merck 
(Darmstadt) or British Drug House 'Analar' reagents. 
Stannic chloride pentahydrate was a Poland product. 
Preparation of ion exchange papers; 
Aqueous solutions of stannic chloride pentahydrate 
(8.2%) and selenium dioxide (6,1%) were prepared. Paper 
strips were first impregnated in stannic chloride solution 
for 5 seconds. The excess reagent was removed by placing 
the strips over a filter paper sheet and the strips were 
allowed to dry at room temperature. They were then dipped 
into selenium dioxide solution for 5 seconds and the excess 
1^ 
solut ion drained off. The s t r i p s were then dried at room 
temperature, washed with d i s t i l l e d water i n order to 
remove excess reagents , again dried a t room temperature, 
and used as such. I t was found necessary to wash the 
papers as soon as they dry a f t e r selenium dioxide impreg-
nat ion. 
Test Solut ions; 
O.IM solu t ions of the ca t ions were prepared by 
dissolving t h e i r ch lor ides , n i t r a t e s or su l fa tes i n O.IM 
solut ion of the corresponding ac ids . Platinum wire was 
dissolved i n aqua regia by heat ing and di luted with water 
to make i t 0.1%. O.IM solu t ions of antimony and bismuth 
chlor ides were prepared in 30% ( / y ) hydrochloric acid . 
^% so lu t ions of gold and gallium chlor ides were prepared 
i n 4M HCl so lu t ion . 10?^  t a r t a r i c acid solut ion was used 
for the prepara t ion of ^% so lu t ion of niobium pentachloride, 
O.IM solu t ions of sodium molybdate, potassium chlor ide , 
cesium sulfate and rubidium chloride were prepared i n 
d i s t i l l e d water. O.IM tel lur ium solut ion was prepared by 
heat ing tel lurium metal i n n i t r i c acid t i l l the residue 
turned white and dissolved i n IN potassium hydroxide. 
••:' 9 
Ceric sulfate was prepared in 5.6N H^SO.. For the pre-
paration of 1% titanium a 15% solution of titanic chloride 
was diluted with 1CM HCl. The solution of mercuric nitrate 
was prepared in 0.5M nitric acid while AS2O3 and Be(N0,)2 
were dissolved in 1% nitric acid. 
The valencies of the metal ions used are as follows 
unless otherwise stated: 
Be(II), Mg(II), Al(III), K(I), Ca(II), Ti(IV), V(IV), 
Cr(III), Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(II), 
Ga(III), As(III), Rb(I), Sr(II), y(III), Zr(IV), Nb(V), 
Mo(VI), Ru(III), Pd(II), Ag(I), Cd(II), In(III), Sb(III), 
Te(IV), Cs(I), Ba(II), La(III), Ce(III), W(VI), Ir(IV), 
Pt(IV), Au(III), Hg(I), T1(I), Pb(II), Bi(III), Th(IV), 
UOgdl), Hf(IV). 
Detectors; 
Ag, Pb, Hg, Hg(II), Tl, Bi, Cd, As, Sb, Pd and Te 
were detected with a dilute solution of yellow ammonium 
sulfide. A freshly prepared cobaltinitrite solution was 
used to detect K, Rb and Cs, La, Ce, Ce(IV), Y, Ca, In, 
Ir, Zr, Th, Hf, and Nb were detected with 0.1% alcoholic 
alizarine Red S solution. Au was detected with aqueous 
^% solution of hydroquinone, Pt was located with a ^ % 
solution of potassium iodide. For the detection of Mo, 
SnClp + HCl + ammoniumthiocyanate reagent was employed, 
Al, Be and Ga were detected with ^% alcoholic aluminon 
solution. Alcoholic solution of diphenyl carbazide 
detected Mn, Zn, and Cr, Fe(III), UOpt V, Cu, and Ti 
were detected with K.Fe(CN)g solution, Ni and Co were 
detected with dimethyl glyoxime solution. A freshly 
prepared solution of sodium rhodizonate located Ba and 
Sr. Mg was detected with quinalizarine. W was detected 
with pyrogallol, Ru was detected with SnClp + HCl reagent, 
K,Fe(CN)g was employed to detect Fe. 
Procedure; 
Thin glass capillguries were used to spot the t e s t 
solut ion on the paper s t r i p s . Selenium was not chromato-
graphed on these papers as i t was found d i f f i c u l t to 
detect the spot for selenium on the chromatogram. The 
paper s t r i p s were conditioned for 10 minutes and then the 
developer was always allowed to ascend 11 cms on these 
s t r i p s . 
R E S U L T S 
I n order to p r e d i c t p o s s i b l e s e p a r a t i o n s and to 
f ind out the chromatographic behaviour of the metal i o n s 
on s t a n n i c s e l e n i t e pape r s the fo l lowing solvent systems 
were used a s deve lope r s dur ing t h i s s tudy . 
Solvent Systems used; 
1. Methanol + 1CM Hydrochlor ic ac id + Formic ac id ( 6 : 2 : 2 ) , 
2» Methanol + Acetone + 0.1M Hydrochlor ic a c i d ( 1 : 1 : 1 ) . 
3 . O.IM Hydrochlor ic a c i d , 
4 . O.IM S u l f u r i c a c i d . 
5 . 0,1M N i t r i c a c i d . 
6 . 2M N i t r i c ac id +10% Formic a c i d ( 1 : 1 ) , 
7 . 4M N i t r i c ac id + Acetone + n-propanol ( 2 : 1 : 1 ) . 
8 . O.IM P e r c h l o r i c a c i d . 
9 . 1M P e r c h l o r i c a c i d . 
10. Methanol + 10M Hydrochlor ic a c i d + Ace t ic ac id 
( 6 : 1 : 4 ) . 
11. O.IM Citric acid + 0.1M NagHPO^ (pH = 7). 
12. ^% EDTA in water. 
1 3 . O.IM Ammonium c h l o r i d e . 
•• ; i 
14. Methanol + 10M Hydrochloric acid + Acetic acid 
(4:1:6). 
15. Methanol + 10I Hydrochloric acid + Acetic acid 
(10:1:1). 
16. 0.5M Hydrochlor ic a c i d , 
17 . O.IM Boric ac id + O.IM sodiiim hydroxide (pH = 10) . 
18 . ^% Selenium dioxide i n O.IM n i t r i c a c i d . 
19. 2M N i t r i c ac id + ^% Potassium n i t r a t e ( 1 : 1 ) . 
20. ad N i t r i c a c i d + 10^ Potass ium n i t r a t e ( 1 : 1 ) . 
2 1 . 2M N i t r i c ac id + ^0% T a r t a r i c ac id (1 :1 ) 
22. 4M N i t r i c a c i d + Acetone + n-lro-panol ( 1 : 1 : 1 ) 
23 . 4M N i t r i c ac id + Acetone + n-Propanol ( 1 : 2 ; 1 ) , 
24. 4M N i t r i c ac id + Acetone + n-Propanol ( 1 : 1 : 2 ) . 
25 . 4M N i t r i c ac id + Acetone + n-Propanol ( 1 : 4 s 1 ) . 
26. 4M N i t r i c a c i d + Acetone + n-Propanol ( 1 : 1 : 4 ) . 
27. 4M N i t r i c ac id + Acetone + n-Propanol ( 4 : 3 : 3 ) . 
28 . 0.09M Ammonium a c e t a t e , 
29. O.ai Bor ic ac id + 0.34 Sodium c h l o r i d e + 0 . 0 ^ 
Borax ( 2 5 : 2 5 : 1 2 ) , (pH = 8 . 5 ) . 
30. 0.05M Potassium hydrogen p h t h a l a t e (pH = 4 . 2 ) . 
3 1 . 0.05M Potassium hydrogen p h t h a l a t e (pH = 6 . 2 ) . 
32. O.IM Ammonium c h l o r i d e + O.IM Hydrochlor ic ac id ( 1 : 1 ) . 
33 . 1^ C i t r i c a c i d . 
34. 0.1M Hydrochloric acid + O.IM Ammonium t a r t r a t e . 
35. ^% Sodium-Potassium t a r t r a t e . 
36. 30?6 Formic ac id . 
37. 6M Hydrochloric acid + 156 EDTA (2 :8 ) , 
38. n-Butanol + 10M Hydrochloric acid + 26t/L Formic 
acid (7 :1 :3 ) . 
39. 1.0M Acetic ac id . 
40. 2M Nitric acid + Saturated solution of Potassium 
nitrate (1:1). 
The results for the most useful systems are 
summarized in table VIII. RT refers to the rate of 
flow of leading front and R^ refers to the rate of flow 
of tailing front. These solvent systems were chosen 
because some interesting separations can be achieved. 
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Solvent f 2 3 4 5 6 
system 
Ions RL RT RL RT RL RT RL RT RL RT RL RT 
W 0.30 0 .00 0 .00 0.00 - - 0 .00 0 .00 0 .00 0.00 -
I r - - 0 .56 0.16 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 1.00 0 .80 
Pt - - 0 .00 0 .00 0 ,00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 
Au 0 .92 0 .75 1.00 0 .00 0.61 0.35 0.56 0 .00 0 .69 0.00 0 .66 0 .00 
Hg 1.00 0.90 0.00 0.00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 
Hg( I I ) 1.00 0 .93 1.00 0 .80 0 . 9 1 0 . 7 8 0 .74 0 .54 0.76 0.56 0 .15 0.00 
Tl 0 .00 0 .00 0 .00 0 .00 0.31 0 .13 0 .44 0 .18 0.42 0 .13 0.56 0.36 
Pb 0 .53 0 .18 0 .00 0 .00 0 .14 0.00 0,14 0,00 0 .13 0 .00 0.5© 0.27 
m 0 .92 0.81 0 .70 0 .00 0 .60 0 .00 0 .50 0.00 0 .73 0 .00 0.31 0 .00 
Th 0 .20 0 .00 0 .00 0 .00 0 .00 0 .00 0 .18 0 .00 0 .00 0 .00 0 .13 0.00 
UO9 0.76 0.46 0.09 0.00 0.29 0.00 0.36 0.00 0.11 0.00 0.45 0.10 
T A B L E - VIII 
Solvent 7 8 9 10 11 12 
system 
I o n s RL RT RL RT RL RT RL RT RL RT RL RT 
Be 
Mg 
Al 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
P e ( I I I ) 
Co 
Ni 
Cu 
Zn 
Ga 
As 
0 .83 
0 .65 
0 .74 
0 .52 
0.62 
0 .08 
0.66 
-
0.64 
0.61 
0 .14 
0.66 
0 .64 
0.62 
0 .68 
0.62 
— 
0.70 
0 .48 
0 .54 
0.37 
0 .46 
0,00 
0.46 
-
0.47 
0 .00 
0 .00 
0 .42 
0 .50 
0.45 
0 .50 
0 .00 
_ 
1.00 
0 .80 
0 .64 
0 .90 
0 .70 
0 .00 
0.32 
0.17 
0 .60 
0 .60 
0.00 
0 .60 
0 .90 
0.57 
0.37 
0 ,63 
0 .40 
0 .00 
0 .00 
0.00 
0 .30 
0.00 
0.00 
0.14 
0 .63 0 .44 
0 .40 
0 .70 
0.77 
. 
0.10 
0 .32 
0.00 
_ 
1.00 
1.00 
1.00 
0 .74 
0.93 
0.07 
0.81 
0 .95 
0 .84 
0.55 
0 .45 
1.00 
1.00 
0.96 
0.91 
0 .93 
• 
0.90 
0.90 
0 .83 
0.55 
0 .78 
0 .00 
0 .63 
0.80 
0 .74 
0.00 
0 ,00 
0.80 
0 .83 
0 .70 
0 .80 
0 .00 
_ 
0 .63 
0.34 
0 .40 
0 .16 
0 .30 
0.09 
0 .40 
0.76 
0 .63 
0 .60 
0 .63 
0.40 
0.50 
0.52 
0 .68 
0.77 
_ 
0.40 
0 .20 
0 .03 
0 .04 
0.07 
0 .00 
0 .20 
0 .00 
0 .18 
0.00 
0 ,00 
0 .00 
0 .06 
0.27 
0.27 
0.65 
_ 
0.60 
0 .28 
0 .70 
0 . 90 
0 .40 
0 .00 
0 .54 
0 .00 
0 .24 
0 .00 
0 .00 
0 .53 
0 .54 
0 .45 
0 .38 
0 .40 
^ 
0.32 
0,00 
0 .30 
0 .70 
0.00 
0.00 
0.31 
0.00 
0 ,00 
0 .00 
0 .00 
0 .00 
0 .00 
0.00 
0.00 
0 .00 
— 
0.35 0.00 
1.00 0 .93 
0 .60 0 .00 
-
0 .45 0 ,00 
0 .33 0 .00 
0.86 0 .50 
0 .16 0.00 
0.96 0 .00 
0 .94 0 .00 
1,00 0 ,00 
0,67 0,47 
1.00 0 .90 
0.90 0 .54 
0 .56 0 . 0 0 
1.00 0 .00 
_ ~ 
TABLE - VIII (Contd . ) 
1 1 0 
Ions 
Rb 
Sr 
Y 
Zr 
Mb 
Mo 
Ru 
Pd 
kg 
Cd 
I n 
Sb 
Te 
Cs 
Ba 
La 
Ce 
Ce(IV) 
Solvent 7 
system 
RL 
0.52 
0.57 
0.68 
0.00 
-
0.07 
0.00 
1.00 
0.07 
0.61 
0.61 
0.58 
0.00 
0.50 
0.45 
0.74 
0.50 
0.54 
RT 
0.20 
0.43 
0.47 
0.00 
-
0.00 
0.00 
0.00 
0.00 
0.41 
0.39 
0.00 
0.00 
0.30 
0.30 
0.37 
0.43 
0.00 
8 
RL 
0.66 
0.67 
0.27 
0.00 
1.00 
0,00 
0.50 
1.00 
0,09 
0.60 
0.00 
0.00 
0.00 
0.56 
0.43 
0.30 
RT 
0.43 
0.45 
0.00 
0.00 
0.90 
0.00 
0.00 
0.00 
0.00 
0.14 
0.00 
0.00 
0.00 
0.35 
0.27 
0.00 
0.30 0.00 
0.32 0.00 
9 
RL 
0.82 
0.87 
0.78 
0.00 
0.90 
0.06 
0.40 
1.00 
0.36 
0.96 
0.90 
0.09 
0.00 
0.89 
0.77 
0.90 
0.75 
0.00 
RT 
0.09 
0.78 
0.45 
0.00 
0.75 
0.00 
0.00 
0.00 
0.00 
0.70 
0.09 
0.00 
-
0.66 
0.58 
0.60 
0.40 
0.00 
10 
RL 
0.14 
0.12 
0.18 
0.00 
0.00 
0.54 
0.56 
0.80 
0.63 
0,75 
0.72 
0.72 
-
0.20 
0.11 
0.70 
0.18 
0.12 
RT 
0.06 
0.00 
0.00 
0.00 
0.00 
0.25 
0.00 
0.48 
0.00 
0.63 
0.40 
0.63 
-
0.00 
0.00 
0.00 
0.00 
0.00 
11 
RL 
0.73 
0.09 
0.27 
0.00 
0.92 
1.00 
0.00 
1.00 
0.00 
0.50 
0.00 
0.09 
0.00 
0.62 
0.20 
0.14 
0.25 
0.20 
1 
RT 
0.54 
0.00 
0.00 
0.00 
0.72 
0.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.45 
0.00 
0.00 
0.00 
0.00 
12 
RL 
0,40 
0,26 
0.53 
0.93 
1.00 
0.50 
0.64 
0.95 
0.00 
0.54 
0.92 
0.52 
0.97 
0.54 
0.14 
0.21 
0.38 
0.65 
RT 
0.22 
0.00 
0.34 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.20 
0.21 
0.00 
0.00 
0.12 
0.00 
0.00 
0.00 
0.00 
TABLE - VIII (Contd. 
Solvent 7 8 9 10 11 12 
system 
Ions RL RT RL RT RL RT RL RT RL RT RL RT 
W - - 0.00 0.00 0.00 0.00 0.00 0.00 0.95 0.66 0.46 0.00 
Ir 0.00 0.00 0.00 0.00 - - 0.25 0.00 0.43 0.00 1.00 0.00 
Pt 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.93 0.72 0.00 0.00 
Au 0.87 0.00 0.63 0.45 0.68 0.00 0.95 0.82 0.54 0.00 0.78 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.86 0.52 0.00 0.00 0.78 0.00 
Hg(II) 0.87 0.63 0.84 0.00 0.70 0.00 0.90 0.60 0.90 0.00 0.83 0.00 
^ =5 Tl 0.27 0.07 0.30 0.00 0.50 0.25 0.00 0.00 0.21 0.00 0.08 0.00 
Pb 0.52 0.23 0.09 0.00 0.40 0.00 0.36 0.00 0.10 0.00 0.52 0.32 
Bi - - 0.70 0.00 0.63 0.00 0.76 0.68 0,25 0.00 0.85 0.00 
Th 0.12 0.00 0.00 0.00 0.10 0.00 0.08 0.00 0.00 0.00 0.30 0.00 
UO^ 0.38 0.05 0.16 0.00 0.54 0.13 0.50 0.16 0.07 0.00 0.20 0.00 
• ) 
A very large number of separations have been 
developed on stannic selenite papers. These separations 
have been described as :(A) separation of one metal ion 
from numerous metal ions, (B) separations practically 
achieved on stannic selenite papers. 
(A) Separation of one cation from numerous metal ions; 
These papers show selectivity and in many cases 
one metal ion can be separated from numerous metal ions. 
However, only a few of the possible separations, for 
which experimental support has been obtained, are described 
in Table IX. 
T A B L E - IX 
SEPARATION OF ONE CATION FRCM NUMEROUS METAL IONS ON 
STANNIC SELENITE PAPERS AS PREDICTED BY R^ VALUES 
Metal i o n 
s epa ra t ed So lven t system 
I o n s l i k e l y 
to i n t e r f e r e Time 
Au 
(1 .00 -0 .80 ) 
from 46 
meta l i o n s 
Hg(I I ) 
(0 .80-0 .60) 
from 38 
metal i o n s . 
MeOH + 10M HCl + 
ACOH ( 4 : 1 : 6 ) 
» » » f 
Nil 40 mts . 
Hg, B i , Cd, Sb, , , 
Ga, Mo, Zn, P t . 
» » 
TABLE - IX (Contd) 
Metal i o n 
s epa ra t ed So lven t system 
I o n s l i k e l y t o 
i n t e r f e r e Time 
Sb 
(0 .67 -0 .60 ) 
from 39 
meta l i o n s 
MeOH + 10M HCl + 
ACOH ( 4 : 1 : 6 ) 
Hg, H g ( I I ) , B i , Cd, 40 mts. 
Fe , Zn, Mo, Ga. 
Zn 
(0 .65 -0 .54 ) 
from 36 
meta l i o n s 
f » » > Hg, H g ( I I ) , B i , Sb, , , , , 
Fe, F e ( I I I ) , Mo, Ga, 
Cd, P t . 
I n 
(0 .50 -0 .33 ) 
from 36 
meta l i o n s 
» t » » Pd, UOg, Cu, Fe, ,, ,, 
Fe(III), Ga, Cd, Mo, 
Pt. 
Ga 
(0.77-0.65) 
from 34 
metal ions 
MeOH + 10M HGl + 
ACOH (6:1:4) 
Hg, H g ( I I ) , B i , Cd, , , , , 
Sb, Cr , Zn, La, Pd, 
I n . 
Cs 
(0 .81 -0 .60 ) 
from 31 
meta l i o n s 
Mo 
( 1 . 0 0 - 0 . 8 0 ) 
from 36 
meta l i o n s 
30f. HCOOH H g ( I I ) , B i , Cd, Pd, 
Au, Ga, Rb, K, Sr , 
Ca, Be, Mg, Nb. 
0.1M c i t r i c ac id + H g ( I I ) , Pd, P t , K, 
Nb, W, A l . 0.1M Na„HPO. 2 4 
(pH 7) 
20 mts, 
»» It 
W 
(0 ,95 -0 .66 ) 
from 35 
meta l i o n s 
» » » > H g ( I I ) , A l , Mo, Pd, F t , Rb, K, Nb, Be. » » » » 
• d 
TABLE - IX (Contd. ) 
Metal i o n 
s e p a r a t e d So lven t system 
Ions l i k e l y to 
i n t e r f e r e Time 
K 
(0 .81 -0 .63 ) 
frcxn 40 
meta l i o n s 
Ni 
( 1 . 0 - 0 . 9 0 ) 
from 31 
meta l i o n s 
0.1M H^BO^ + Hg(II), Pd, Au, 
0.1M NaOH (pH 10) Th, Nb. 
20 mts, 
^% EDTA Cu, Mn, Fe, Fe(III) ,, ,, 
Te, pd, Ga, Hg, Zr, 
In, Ir, Nb. 
Mg 
(1.00-0.93) 
from 41 
metal ions 
Nb 
( 1 . 0 0 - 0 . 9 0 ) 
from 40 
meta l i o n s 
Be 
( 1 . 0 0 - 0 . 9 0 ) 
from 40 
meta l i o n s 
0.1M NH.Cl 
0.1M HGIO, 
> » » » 
H g ( I I ) , Pd, Zn 
» » » » 
K, Pd, Ga, H g ( I I ) , , , , , 
Be. 
K, Pd, Ga, H g ( I I ) , , , , , 
Nb. 
(B) S e p a r a t i o n s p r a c t i c a l l y achieved on s t a n n i c s e l e n i t e 
P a p e r s , 
Numerous i n t e r e s t i n g s e p a r a t i o n s appeared t o be 
p o s s i b l e from a s tudy of Rf va lue s i n va r ious so lvent 
systems (Table V I I I ) . However, only the impor tan t ones 
were a c t u a l l y t r i e d on s t a n n i c s e l e n i t e p a p e r s . The 
r e s u l t s a re summarized i n Table X, 
T A B L E - X 
BINARY AND TERNARY SEPARATIONS ACHIEVED ON STANNIC 
SELENITE PAPERS. 
Solvent 
system 
( 6 : 2 : 2 ) 
S e p a r a t i o n s achieved Time 
MeOH + Cs(O.OO) - Rb(0 .32-0 .21) 40 mis . 
10M HCl + 
HCOOH Cs(O.OO) - K (0.28 - 0.20) 
Cd(0.38-0.18) - Cu(0.78-0.60) -
Zn(0.97-0.90) 
Ti(O.OO) - Al(0.81-0.32) 
Tl(O.OO) - Pb(0.53-0.18) - Bi(0.92-0.81) 
Tl(O.OO) - In(0.85-0.61) 
Mg(0.96-0.85) - Sr(0.28-0.00) 
U02(0.76-0.46) - Th(0.20-0.00) 
In(0.85-0.61) - Cd(0.38-0.18) 
ln(0.85-0.61) - Pb(0.53-0.18) 
TABLE - X (Contd) 
Solvent 
system Separations achieved Time 
0.1M H^SO. 
2N HNO, + 
10^ HCOOH 
(1:1) 
0.1M HCIO, 
Fe(III)(0.12-0.00) - V(0.52-0.34) 
Fe(III)(0.12-0.00) - Al(0.91-0.50) 
Mo(0.10-0.00) - Cr((D.00-0.90) 
Th(0.18-0.00) - V(0.52-0.34) 
20 mts. 
Tl (0.56-0.37) 
In(0.48-0.07) 
K(0.81-0.50) -
K(0.81-0.50) -
Pb(0.50-0.27) 
Pb(0.50-0.27) 
Ce(IV)(0.00) -
Ce(IV)(0.00) -
V(0.78-0.54) -
Nb(1.00-0.90) 
Nb(1.00-0.90) 
Nb(1.00-0.90) 
Be(1.00-0.90) 
Be(1.00-0.90) 
- Ni (0.99-0.77) 
- Zn(0.90-0.88) 
Ti(0.07-0.00) 
Mo(0.06-0.00) 
- Hg(O.OO) 
- Ag(0.18-0.00) 
Ce(0.70-0.42) 
La(0.81-0.50) 
Th(0.13-0.00) 
- Zr(O.OO) 
- V(0.32-0.07) 
- Mo(O.OO) 
- Al(0.64-0.37) 
- Mg(0.80-0.57) 
20 mts. 
» » 
» » 
> » 
» » 
TABLE - X (Contd . ) 
Solvent 
system Sepa ra t i ons achieved Time 
In(O.OO) - Zn(0 .70-0 .32) 20 mts< 
F e ( I I I ) ( 0 . 0 0 ) - A l ( 0 . 6 4 - 0 . 3 7 ) 
F e ( I I I ) ( 0 . 0 0 ) - Mn(0.60-0.30) 
F e ( I I I ) ( 0 . 0 0 ) - Cu(0 .40-0 .10) 
A l ( 0 . 6 4 - 0 . 3 7 ) - Cr (0 .17 -0 .00 ) 
Ba(0 .43-0 .27) - S r ( 0 . 6 7 - 0 . 4 5 ) 
Ba(0 .43 -0 .27 ) - Mg(0.80-0 .57) 
F e ( I I I ) ( 0 . 0 0 ) - Co(0 .60-0 .14) 
N i (0 .63 -0 .44 ) - Ti(O.OO) 
0.1M HCl Ag(O.OO) - T l ( 0 . 3 0 - 0 . 1 3 ) 
Ag(O.OO) - Cu(0 .40-0 .19) 
F e ( I I I ) ( 0 . 0 0 ) - Cu(0 .40-0 .19) 
Fe(XXl)(0.00) - A l ( 0 . 6 0 - 0 , 2 9 ) 
F e ( I I I ) ( 0 . 0 0 ) - Mn(1.00-0.96) 
F e ( I I I ) ( 0 . 0 0 ) - Co(1 .00-0 .34) 
F e ( I I I ) ( 0 . 0 0 ) - N i (1 .00 -0 .45 ) 
F e ( I I I ) ( 0 . 0 0 ) - K(0 .93-0 .73) -
V(0 .45-0 .22) 
Cu(0 .40-0 .19) - Pb(0 .14-0 .00) 
Cu(0 .40-0 .19) - N i (1 .00 -0 .45 ) 
r^ 'HI 
TABLE - X (Contd.) 
Solvent 
system Separations achieved Time 
2N HNO, + 
10% T a r t a r i c 
ac id (1 :1 ) 
4N HNO, + 
Acetone + 
Propanol 
( 2 : 1 : 1 ) 
0.1M NH^Cl 
1.0M HCIO, 
Ti(O.OO) - V(0 .45-0 .22) 20 mt s . 
Th(O.OO) - 7 ( 0 . 4 5 - 0 . 2 2 ) , , 
K(0 .93-0 .73) - Mo(O.OO) - 7 ( 0 . 4 5 - 0 . 2 2 ) ,^ 
K(0 .93-0 .73) - Ti(O.OO) - 7 ( 0 . 4 5 - 0 . 2 2 ) , , 
F e ( I I I ) ( 0 . 0 0 ) - T1 (0 .30 -0 .13 ) 
A l ( 0 . 9 9 - 0 . 9 3 ) 
T l ( 0 . 5 4 - 0 . 2 5 ) 
T l ( 0 . 4 5 - 0 . 2 5 ) 
T l ( 0 . 4 5 - 0 . 2 5 ) 
I n ( 0 . 5 0 - 0 . 0 0 ) 
Cu(0 .88-0 .62) 
Co(0 .97-0 .60) 
A l ( 0 . 9 9 - 0 . 9 3 ) 
Ag(0 ,07-0 .00) - Pb (0 .52 -0 .23 ) 
F e ( I I I ) ( 0 . l 4 - 0 . 0 0 ) - 7 ( 0 . 6 6 - 0 . 4 6 ) 
Ge(0 .50-0 .43) - Y(0 .68-0 .57) 
Mg(1.00-0.93) - Ba(0 .84-0 .16) 
Mg(1.00-0.93) - S r ( 0 . 8 3 - 0 . 3 7 ) 
1 ( 0 . 7 8 - 0 . 4 5 ) - C e ( I 7 ) ( 0 . 0 0 ) 
Ce(0 .75-0 .40) - C e ( I 7 ) ( 0 . 0 0 ) 
Y(0 .78-0 .45) - Zr(O.OO) 
U02(0.54-0.13) - 7 ( 0 . 8 1 - 0 . 6 3 ) 
» » 
20 mts . 
» ) 
» » 
» » 
1 hour 
> » 
» » 
20 mts . 
I > 
20 mt s . 
» > 
f > 
» » 
TABLE - X (Contd . ) 
Solvent 
system S e p a r a t i o n s achieved Time 
MeOH + 10M HCl Ga(0 .77-0 .65) - Tl(O.OO) 
+ AC0H(6:1:4) 
Au 
Pt 
Au 
Pd 
Hg 
^% EDTA Cr 
Ni 
Wi 
Tl 
Mg 
Mg 
Mg 
Mg 
La 
0.1M HNO^  Ag 
Ag 
Ag 
MeOH + Acetone Ba 
+ 0.1M HCl 
( 1 : 1 : 1 ) Ag 
Hg 
1 .00-0.86) - Ag(0 .22-0 .00) -
0 .63 -0 .45 ) 
1 .00-0 .86) - Ag(0 .22-0 .00) -
0 .51 -0 .27) 
I I ) ( 0 . 8 0 - 0 . 6 0 ) - P b ( 0 . 2 0 - 0 . 0 0 ) 
0 .16 -0 .00 ) 
1 .00-0 .90) 
1 .00-0 .90) 
0 .08 -0 .00 ) 
1 .00-0 .93) 
1 .00-0 .93) 
1 .00-0.93) 
1 .00-0.93) 
0 . 2 1 - 0 . 0 0 ) 
- Co(0 .67-0 .47) -
- Co(0 .67-0 .47) -
- S r ( 0 . 2 6 - 0 . 0 0 ) 
- Ba (0 .14 -0 .00 ) 
- Ca(0 .45-0 .00) 
- Be (0 .35 -0 .17 ) 
- 1 ( 0 . 5 3 - 0 . 3 4 ) 
0 .00) - T l ( 0 . 4 2 - 0 . 1 3 ) 
0 .00) - Cd(0 .29-0 .12) 
0 .00) - Cu(0 .53-0 .17) 
0 .13 -0 .00 ) - S r ( 0 . 4 6 - 0 . 2 0 ) 
0 .00) - Cu(0 .98-0 .60) 
I I ) ( 0 . 3 8 - 0 . 0 0 ) - Pb (0 .64 -0 .48 ) 
40 mts. 
» • 
» » 
f > 
20 mt s . 
f » 
» i 
» » 
» » 
» » 
» » 
20 mt s . 
f t 
» » 
40 mts . 
» I 
» » 
'^1 
TABLE - X (Contd.) 
Solvent 
system S e p a r a t i o n s achieved Time 
0.1M H,BO, + K(0 .81-0 .63) - Cs (0 .40 -0 .20 ) 20 m t s . 
° p j f / ^ o " K(0 .81-0 .63) - Rb(0 .50-0 .30) 
0.2M H^BO^ + K(0 .80-0 .58) - Cs (0 .54 -0 .34 ) 20 mts . 
0.2M NaCl + K(0 .80-0 .58) - T l ( 0 . 1 3 - 0 . 0 0 ) 
0.05M Borax 
(pH = 8 .5) K(0 .80-0 .58) - V(0 .16-0 .00) 
K(0 .80-0 .58) - Mo(0.16-0.00) 
K(0.80-0.5B) - Ba(0 .20-0 .00) 
» » 
» » 
» » 
» f 
MeOH + H g ( I I ) ( 0 . 8 0 - 0 . 6 0 ) - Ag(0 .22-0 .00) 40 mts . 
10M HCl + 
AC0H(4:1:6) H g ( I I ) ( 0 . 8 0 - 0 . 6 0 ) - T l ( 0 . 0 9 - 0 . 0 0 ) 
H g ( I I ) ( 0 . 8 0 - 0 . 6 0 ) - Cu(0 .40-0 .23) 
H g ( I I ) ( 0 . 8 0 - 0 . 6 0 ) - Co(0 .18-0 .09) 
H g ( I I ) ( 0 . 8 0 - 0 . 6 0 ) - Cr(0 .13-0*00) 
Sb(0 .67 -0 .60 ) - I n ( 0 . 5 0 - 0 . 3 3 ) 
Sb (0 .67 -0 .60 ) - N i ( 0 . 2 1 - 0 . 0 5 ) 
Sb (0 .67 -0 .60 ) - K(0 .27-0 .18) 
Zn(0 .65-0 ,54) - P b ( 0 . 2 0 - 0 . 0 0 ) 
Zn(0 .65-0 .54) - Cu(0 .40-0 .23) 
Zn(0 .65-0 .54) - T1(0 .09-0 .00) 
Zn(0 .65-0 .54) - Mn(0.23-0 .12) 
I n ( 0 . 5 3 - 0 . 3 3 ) - T l ( 0 . 0 9 - 0 . 0 0 ) 
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TABLE - X (Contd.) 
Solvent 
system S e p a r a t i o n s achieved Time 
0.1M H-BO, + K(0 .81-0 .63) - Rb(0 .50-0 .30) 20 mts. 
? p ? = ^ ? 0 ^ K(O.B1-0.63) - Cs (0 .40 -0 .20 ) 
K(0 .81-0 .63) - A l ( 0 . 1 6 - 0 . 0 2 ) 
K(0 .81-0 .63) - F e ( I I I ) ( 0 . 2 0 - 0 . 0 0 ) 
K(0 .81-0 .63) - V(0 .14-0 .00) 
K(0 .81-0 .63) - Mg(0 .30-0 .10) 
K(0 .81-0 .63) - Ba(O.U-O.OO) 
K(0 .81-0 .63) - S r ( 0 . 1 5 - 0 . 0 0 ) 
0.1M C i t r i c Mo(f .00-0 .80) - V(0 .54-0 .31) 20 mts. 
ac id + 0.1M 
Na^HPO^ Mo(1.00-0.80) - F e ( I I I ) ( 0 . 0 0 ) 
^P" ^ '^ ^ Mo(1.00-0 .80) - A l ( 0 . 7 0 - 0 . 3 0 ) 
W(0.95-0.66) - V(0 .54-0 .31) 
W(0.95-0.66) - 11(0 .00) 
W(0.95-0.66) - V(0 .54 -0 .31 ) -Cr (0 .00 ) 
Cs (0 .62 -0 .45 ) - K(0 .90-0 ,70) 
K(0 .90-0 .70) - Mg(0.28-0.00) 
K(0 .90-0 .70) - Ti(O.OO) 
30^ HGOOH Cs(0 .81 -0 .60 ) - Ba(0 .50-0 .22) 20 mts, 
Cs (0 .81 -0 .60 ) - C r (0 .17 -0 .00 ) , , 
The charge on the ion separated was determined by 
electrochromatography using some of the aqueous solvent 
systems. Table XI gives the nature of the ions in the 
solvent systems concerned. 
T A B L E - XI 
ELECTROGHROMATOGRAPHIG DETERMINATION OF THE GHARGE 
OH THE IONS IN SCME AQUEOUS SOLVENT SYSTEMS ON 
PLAIN WHATMAN NO. 1 PAPERS. 
Solvent 
system 
C A T I O N S 
P o s i 
\j n ± J. ^ a tj 
t i v e l y charged Negatively Uncharged 
charffftd a r g e  
0.1M H2SO. F e ( I I I ) , Al 
0.1M HGIO N i , T i , F e ( I I I ) , 
A l , Go, Gr , Gu, 
Ba, S r , Mg. 
1.0M HGIO4 Ge, G e ( I V ) , Z r , Y, Th 
1% EDTA T l , Gr , Ba, S r , Ga, Be Mg, Y N i , Go, La 
0.1M HNO, T l , Gu, Gd. 
0.1M HGl F e ( I I I ) , Gu, V T l , Mn, Ti Ag, Th 
0.1M H-BO,+ Gs, Rb, Ga, A s , 
0.1M NaOH N i , Gr , K. 
(pH = 10) 
0.1M C i t r i c Gr, C s , Mg 
a c i d + 
0.1M Na2HP0. 
(pH = 7 ) 
Mo H g ( I I ) 
V, Gu, Zn, UOg, B i , Ti 
P d , A l . 
> 
D I S C U S S I O N 
The r e s u l t s show that papers impregnated with 
s tannic se len i te achieve f a s t , s e l ec t ive and speci f ic 
separat ions u t i l i z i n g a solvent ascent of 11 cms. The 
papers are eas i ly and quickly prepared and possible 
separat ions can always be predicted from R, and R„ 
va lues . 
In perchlor ic acid systems R- values of almost 
a l l ions increase with e l ec t ronega t iv i ty while i n HCl 
systems complex forming ions l ike Ni, Mn, Zn, Cd and 
Hg(II) show a reverse behaviour. Cations may have 
zero Rf values for three reasons ( i ) the ion exchanger 
may have a high s e l e c t i v i t y for the ca t ion concerned 
( i i ) the cation may form an insoluble p r e c i p i t a t e i . e . , 
hydroxide, chloride or bromide with one of the compo-
nents of the solvent system. In t h i s case the ion wi l l 
remain a t the point of appl ica t ion i n the form of an 
inso lub le p r e c i p i t a t e ( i i i ) the cat ion may have h i ^ 
adsorption on paper. To d is t inguish between these 
reasons, chromatography was performed on p la in Whatman 
No. 1 paper for those ca t ions which had zero R^ . values 
:i 
on ion exchange papers . On mixing the ca t ions with 
the solvent system in t e s t tubes p r e c i p i t a t i o n was 
obtained i n the following cases: 
Ag, Hg i n 0.1M NH.Cl; Ag, Hg and W i n 1^ EDTA + 
6M HCl (8 :2) ; Ag i n MeOH + AcMe + O.IM HCl (1 :1 :1) ; 
Ag in O.IM HCl; Hg i n O.IM H^BO^ + 0.1M NaOH(pH = 10). 
These ca t ions have therefore zero R^ values on ion 
exchange papers and silso zero R^ . values on pla in Whatman 
No, 1 papers . In these cases i t i s due to low p a r t i t i o n 
of the ca t ion i n the solvent system. 
Since no work has been reported on s tannic 
s e l en i t e papers , more a t t en t i on was given to aqueous 
systems. These papers gave some remarkable separat ions 
e . g . , ( i ) speci f ic separat ion of Au, K, Nb, and Be from 
numerous metal ions ( f igures 9-11), ( i i ) Zn-Cd, and 
( i i i ) Rb - Cs. Despite extensive work on stannic phos-
phate and s tannic tungsta te papers(10) these separat ions 
could not be achieved e a r l i e r i n these l a b o r a t o r i e s . 
Since the solvent ascent takes about 20 minutes the ion 
exchanger does not dissolve s ign i f ican t ly and i t i s 
possible to use even moderately reac t ive systems. Such 
systems cannot be used i n column chromatography as the 
so lub i l i t y of the ion exchanger w i l l be suf f ic ient owing 
to the longer time required in column separations. 
This is a decided advantage of ion exchange paper 
chromatography. 
v&j 
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C H A P T E R IV 
ELECTROCHRCMATOGRAPHIC SEPARATION OF METAL IONS 
ON TIN(IV) PHOSPHATE PAPERS 
Electrochromatography of me ta l i o n s has been 
e x t e n s i v e l y i n v e s t i g a t e d i n o rde r t o achieve d i f f i c u l t 
s e p a r a t i o n s and t o s e p a r a t e one me ta l i o n from numerous 
meta l i o n s ( 1 - 6 ) , I f however, i o n exchange i s combined 
wi th e l e c t r o p h o r e t i c m i g r a t i o n , more i n t e r e s t i n g r e s u l t s 
a r e obta ined and the p o t e n t i a l of t h i s t echnique i n c r e a s e s . 
I n e f f e c t i n g s e p a r a t i o n s of c a t i o n s advantage i s taken of 
both i o n i c m o b i l i t i e s and i o n exchange. Some s t u d i e s i n 
t h i s d i r e c t i o n have shown the s u p e r i o r i t y of t h i s approach 
( 7 - 1 1 ) . A sea rch of the l i t e r a t u r e has shown t h a t very 
l i t t l e e l ec t rochromatograph ic work on paper impregnated 
wi th s y n t h e t i c i n o r g a n i c i o n exchangers have been r epo r t ed , 
A l b e r t i e t aL(12) showed t h a t by the proper choice of condi-
t i o n s , e l e c t r o p h o r e s i s on i o n exchange paper p r e s e n t s 
advantages over ei^ther e l e c t r o p h o r e s i s on c e l l u l o s e 
pape r , or chromatography on i o n exchange pape r . They 
were ab le to s e p a r a t e La, P r , and Sm by e l e c t r o p h o r e s i s 
on paper impregnated with z i rconium phosphate u s i n g 
0.5N HCIO. as an electrolyte, Ying Bo-Hai(15) has 
reported the separation of K, Rb and Cs by electrophoresis 
on ion exchange papers loaded with ammonium molybdophosphate. 
However, no systematic work has so far been reported in 
which numerous metal ions have been separated by electro-
chromatography using different electrolytes on synthetic 
inorganic ion exchange papers. The present chapter 
describes the results obtained when 48 metal ions were 
electrochromatographed on Tin(IV) phosphate papers using 
12 background electrolytes of different compositions and 
dilutions. As a result, a number of interesting and 
difficult separations of metal ions have been achieved. 
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E X P E R I M E N T A L 
Apparatus; 
Electrochromatography was performed on Whatmaui 
No. 1 paper, of 36 x 2,75 cm, with a hanging-s t r ip 
apparatus (Shandon, Ltd . , London), 
Reagents; 
Chemicals and solvents used were e i the r E. Merck 
(Darmstadt) or B r i t i s h Drug House analyt ica l -grade 
reagents . Tin(IV) chloride pentahydrate and diammonium 
hydrogen phosphate were Pol ish products . 
Preparat ion of ion-exchange papers; 
Aqueous so lu t ions of Tin(IV) chloride (0.5M) and 
diammonium hydrogen phosphate (1.CM) were prepared. Paper 
s t r i p s were f i r s t passed through stannic chloride solution 
for 3 seconds. Excess of the reagent was removed by 
b l o t t i n g and the s t r i p s were then placed i n diammonium 
hydrogen phosphate for 5 seconds. The s t r i p s were again 
b lo t ted and then dried a t room temperature. After 1-2 
hours, they were washed twice with water t i l l the pH of 
the washings became about 5. They were then dried and 
used as such. 
Test Solutionst 
0.1M solu t ions of ch lor ides , n i t r a t e s or su l fa tes 
of most of the ca t ions were prepared i n O.IM solut ion 
of the corresponding ac ids . 0,1% solut ion of platinum 
was prepared using platinum wire , d issolving i t i n aqua 
regia and d i l u t i n g with water. O.IM antimony(III) and 
bismuth(III) chlor ides were prepared i n 3.7M HCl. 1^ 
solut ion of go ld ( I I I ) and gallium (III) chlor ides were 
prepared i n 4M HCl. 1% Niobium pentachloride was prepared 
i n 10^ t a r t a r i c ac id . 0.1 molar so lu t ions of sodium 
molybdate,potassium chloride,cesium su l fa te and rubidium 
chloride were prepared in d i s t i l l e d water. Selenium 
dioxide was dissolved i n water and made a lka l ine with 
IN KOH so lu t ion . O.IM tel lur ium solut ion was prepared 
by heat ing te l lur ium metal : in HNO, t i l l the residue 
became white. I t was then dissolved i n 1M KOH solut ion, 
Ceric su l fa te was prepared i n 3.6N HpSO.. 1?6 t i t a n i c 
chloride was prepared by d i l u t i n g the stock solut ion 
03%) with 10M HCl. Mercuric n i t r a t e solu t ion was 
prepared i n 0.5M HNO, while AS2O, and Be(N0,)2 were 
dissolved i n I56 HNO,. 
The valencies of the metal ions used are 
as follows unless otherwise s t a t ed : 
Ag(I) , P b ( I I ) , Hg(I) , T1(I ) , B i ( I I I ) , Cd( I I ) , A s ( I I I ) , C u ( I I ) , 
S b ( I I I ) , N i ( I I ) , Co(I I ) , Mn(II) , F e ( I I ) , A l ( I I I ) , C r ( I I I ) , 
Zn ( I I ) , L a ( I I l ) , C e ( I I I ) , UOgCH), V(IV), Se(IV), Te(IV), 
Mo(IV), P t ( IV) , P d ( I I ) , Y ( I I I ) , Au( I I I ) , Ti(IV), Ga( I I I ) , 
K(T), Rb(I) , C s ( l ) , Ba ( I I ) , S r ( I I ) , C a ( I I ) , Mg(II) , Be( I I ) , 
Zr(IV), Th(IV), I n ( I I I ) , Ru ( I I I ) , I r ( I V ) , Nb(V), Hf(IV). 
Detectors; 
Yellow ammonium sulf ide solut ion was used to 
detect Ag, Pb, Hg, Hg(II ) , Tl , Cd, As, Sb and Pd. A 
fresh solut ion of c o b a l t i n i t r i t e was used to detect K, 
Rb and Cs. La, Ce, Ce(IV), Y, Ga, Ga, I n , Zr, Th, Hf 
and Nb were detected with 0,^% a lcohol ic a l i z a r i n e Red S 
so lu t ion . Au, P t , Se, Te, Mo and I r were located with 
the help of SnClp-HCl reagent , Al, Be were detected 
with a lcohol ic aluminon so lu t ion . Diphenyl carbazide 
detected Mn, Zn and Cr. f e ( I I I ) , UOg, V, Cu and Ti 
were detected with K^Fe(CN)g so lu t ion . Ni and Co were 
i e t ec ted with dimethyl glyoxime. Ba and Sr were located 
with the help of sodium rhodizonate. Mg was detected 
with q u i n a l i z a r i n e . Ru was detected by dipping the s t r i p 
i n 2% th iourea solut ion i n 2N HCl and subsequent heat ing. 
0 
Background e l ec t ro ly t e so lu t ions ; 
Twelve background e l e c t r o l y t e s were used i n th i s 
study: 0.1M n i t r i c acid, 0.5M n i t r i c ac id , 0.5M hydro-
chlor ic ac id , 1.CW hydrochloric acid, 1M hydrochloric 
acid + 1M orthophosphoric acid (1 :1 ) , 2M hydrochloric acid 
+ 2M orthophosphoric acid ( 1 : 1 ) , 0.05M c i t r i c ac id , 0.1M 
ammonium carbonate, 0.1M ammonium ch lo r ide , 0.1M perchloric 
acid , 1M n i t r i c acid + 5% t a r t a r i c acid (1 :1 ) , 1M n i t r i c 
acid + 3% potassium n i t r a t e ( 1 : 1 ) . 
Procedure; 
The electrophoresis apparatus was filled to mark 
with background electrolyte and the ion exchange paper 
strips, which formed the stabilization medium, were placed 
in position and allowed to become saturated with the 
electrolyte. Then a small drop (app. 0,02ml) of the test 
—6 
solution containing app, 2 x 10" moles of the ion was 
applied separately on each strip in the middle with the 
help of thin glass capillaries. The time of migration 
and the potential applied are specified in each case. 
The migration of zones of ions towards anode or cathode 
was measured from the point of application upto the 
^ " 7 
the middle of the zone. On the bas is of the r e s u l t s of 
exploratory experiments and dis tances of e l e c t r i c a l migra-
t ion of the zones of individual i o n s , synthet ic mixtures 
of p a r t i c u l a r ions containing 2 x 10" moles of each ion 
were prepared. This mixture was applied as i n the case 
of indiv idual ions to study the separa t ion . 
o o 
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R E S U L T S 
Electrochromatography of d i f ferent metal ions 
on Tin(IV) phosphate ion exchange papers has revealed 
tha t with the use of sui table background e l ec t ro ly t e s 
and appropriate p o t e n t i a l , a large number of important 
and d i f f i c u l t separat ions could be achieved p r a c t i c a l l y . 
The r e s u l t s are described under three heads: ( i ) Move-
ments of ions i n d i f ferent e l e c t r o l y t e s (Table XII ) , 
( i i ) Separation of one cat ion from numerous metal ions 
(Table XIII) and ( i i i ) Binary and ternary separat ions 
p r a c t i c a l l y achieved (Table I IV) . In Table XII , the 
movements of ions towards the anode and cathode are 
shown respec t ive ly by a pos i t ive and negative s ign, 
while ions which do not show movement are marked as 0 ,0 . 
I: ^ 
T A B L E - XII 
MOVEMENTS OF IONS IN DIFFERENT ELECTROLYTES (IN Cm.) 
I o n s 
Ag 
Pb 
Hg 
Hg(I] 
Tl 
Bi 
Cd 
Cu 
As 
Sb 
Ni 
Co 
Mn 
Fe 
HNO5 
- 0 .5 
0 .0 
0 .0 
-) 0 .0 
- 1.2 
0 .0 
0 .0 
0 .0 
- 1.5 
0 .0 
0 .0 
0 .0 
- 0.7 
0 .0 
F e ( I I I ) 0 . 0 
Al 
Cr 
Zn 
0 .0 
0.0 
0.0 
0.5M^ 
HNOj^ 
- 1.4 
0 .0 
0 .0 
0 .0 
- 1.4 
0 .0 
- 1.7 
- 0 .6 
- 1.7 
0 .0 
0 .0 
- 0.7 
0 .0 
0 .0 
0.0 
0.0 
- 1.6 
- 0 .5 
+ 
+ 
+ 
+ 
-
-
+ 
-
-
_ 
0.5M 
HC1° 
0.0 
0 .0 
1.2 
2 .9 
0 .0 
1.2 
1.1 
0 .0 
0.0 
0 .0 
1.5 
1.2 
4 .6 
0 .0 
0 .0 
1.0 
1.8 
0.8 
+ 
+ 
+ 
-
-
+ 
-
-
-
-
-
+ 
^^ 0 
HC1° 
0 .0 
0 .0 
1.0 
1.0 
0 .0 
1.0 
0 .0 
0.7 
1.0 
0 .9 
1.9 
2 .5 
2 .0 
0 .0 
0 .0 
1.0 
2 .4 
1.1 
1M HCl + 
1M H^PO^' 
( 1 : 1 ) 
0 .0 
0 .0 
+ 1.2 
+ 5.0 
+ 0 . 5 
+ 1.3 
0 .0 
- 0.7 
0 .0 
+ 0 .6 
- 0 .8 
- 0.7 
- 0 .9 
0.0 
0 .0 
- 0 .6 
- 1.8 
+ 0.8 
^ 2M HCl +^ 
° 2M H^PO^^ 
( 1 : 1 ) 
0 .0 
0 .0 
+ 1.2 
+ 1.7 
+ 0.6 
+ 1.2 
+ 3 .3 
0 .0 
0 .0 
0 .0 
- 1.1 
- 1.4 
- 5 .3 
0 .0 
0 .0 
- 0 .5 
- 2.1 
- 1.0 
A 
TABLE - XII (Contd . ) 
T««= 0.1M^ 0.5M, 0.5M 1M ^ 1M HCl +^ 2M HCl +^ 
^^^^ HNO3 ^^^3 ^ ^^ ^^ ^3^^A ^ ^3^^A 
( 1 : 1 ) ( 1 :1 ) 
La 
Ce 
Ce(IV) 
UO2 
V 
Te 
Mo 
Pd 
Pt 
Y 
Au 
Ti 
Ga 
K 
Bb 
Cs 
Ba 
- 0.7 
0.0 
- 1.0 
0 .0 
0.0 
0.0 
0.0 
- 1.7 
+ 2.8 
0 .0 
0.0 
0.0 
0.0 
- 4.8 
-
- 4.6 
0.0 
+ 
+ 
+ 
-
-
-
_ 
0.0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0.0 
1.2 
2.5 
0.0 
1.4 
0 .0 
0.0 
3.2 
4 .2 
2.5 
2.0 
+ 
+ 
+ 
-
-
-
_ 
0.0 
0 .0 
0 .0 
0 .0 
0 .0 
0.0 
0.0 
1.2 
2.1 
0 .0 
1.0 
0.0 
0.0 
4.1 
2.7 
3.0 
0.8 
- 0.8 
- 0.7 
- 0.5 
- 0.4 
- 1.4 
+ 0.7 
+ 0.6 
+ 1.6 
+ 1.3 
- 0.7 
+ 0.6 
+ 0.6 
0.0 
- 3.3 
- 3.2 
- 2.4 
- 2.0 
+ 1.0 
+ 0.8 
+ 0.6 
+ 0.8 
0.0 
0.0 
0 .0 
+ 3.0 
+ 1.5 
0 .0 
+ 1.4 
+ 0.7 
- 1.5 
- 3.2 
- 3.2 
- 3.2 
- 1.4 
0.0 
0.0 
0.0 
+ 0.4 
0.0 
0.0 
+ 1.0 
+ 2,0 
+ 0 .3 
- 0.7 
+ 0.5 
0.0 
0.0 
- 1.8 
- 4 .2 
- 3.3 
- 2.5 
r\ ^ 
TABLE ~ XII (Contd. ) 
I o n s 
Sr 
Ca 
Mg 
Be 
Zr 
Th 
I n 
Ru 
Ir 
Nb 
W 
Hf 
Se 
HNO^ 
- 0 .5 
- 0.6 
0.0 
- 1.0 
0.0 
0 .0 
0 .0 
0.0 
0 .0 
-
-
-
-
0.5M, 
HNO,'^  
- 2 .0 
- 7 . 8 
- 1.4 
-
0.0 
0.0 
- 7 .9 
0 .0 
0.0 
-
0.0 
-
-
0.5H 
HC1° 
- 0.7 
- 1.7 
- 1.2 
-
0.0 
0 .0 
+ 4 .6 
0 .0 
-
-
0.0 
-
-
HC1° 
- 1.5 
- 5.0 
- 0.8 
- 0 .5 
0 .0 
0 .0 
- 6.0 
- 0 .5 
0.0 
0.0 
0.0 
-
-
1M HCl +^ 
1M H^PO '^^  
( 1 : 1 ) 
- 3.8 
- 3.2 
- 2 ,0 
+ 0.6 
0 .0 
0 .0 
0 .0 
0.0 
0 .0 
0 .0 
+ 0 . 5 
-
-
2M HCl +^ 
2M H,P0 ° 
^ 4 
( 1 : 1 ) 
- 2 .5 
0.0 
+ 1.7 
0.0 
0 .0 
0 .0 
- 1.3 
0.0 
- 0 .5 
0 .0 
+ 0.6 
-
+ 0.7 
A ? 9 
TABLE - n i (Contd.) 
I o n s 0.05M 0.1M . 0,m . 0.1M . 1M HNO,+ 1M HNO-+ 
C i t r i c (NHjoCO, NH.Cl HCIO. 5% t a r 2 5^ KNO^® 
ac id^ 4 ^ :> 4 4 ^ a r i c . (1 :1 ) ^ 
a c i d ( 1 : 1 ) ® 
kg 
Pb 
Hg 
Hg(II) 
Tl 
Bi 
Cd 
Cu 
As 
Sb 
Ni 
Co 
Mn 
Fe 
F e ( I I I ) 
Al 
0.0 
0.0 
0.0 
- 0.7 
- 2.2 
0.0 
- 0.7 
- 0.7 
- 2.0 
- 0.5 
- 1.3 
- 1.0 
- 0.8 
0.0 
0 .0 
0.0 
0 .0 
0.0 
0.0 
0.0 
- 1.3 
- 1.0 
0.0 
0.0 
- 2.6 
0.0 
0 .0 
0.0 
- 0.6 
0.0 
0.0 
„. 
0.0 
0 .0 
0 .0 
+ 7.0 
-. 2.1 
0.0 
- 1,0 
0.0 
0.0 
0.0 
- 4.2 
- 3.0 
- 0.9 
0.0 
0.0 
0 .0 
0.0 
0.0 
0,0 
0.0 
- 5.2 
0.0 
- 1.3 
- 1.0 
- 0.7 
0.0 
- 1.7 
- 1.8 
- 1.1 
0.0 
0.0 
0.0 
0 .0 
- 1.9 
0.0 
+ 2.2 
- 1.5 
0.0 
- 5.2 
- 2.1 
0.0 
0.0 
- 2.5 
- 3.1 
- 4.4 
0.0 
0.0 
- 0.8 
0.0 
0.0 
+ 0.7 
+ 2.5 
- 2.8 
0.0 
- 2.0 
- 1.4 
0.0 
0.0 
- 3.2 
- 3.3 
- 2.8 
0.0 
0.0 
- 0.7 
TABLE - XII (Contd . ) 
Ions 
Cr 
Zn 
La 
Ce 
Ce(IV) 
UO2 
V 
Te 
Mo 
Pd 
Pt 
Y 
Au 
Ti 
Ga 
K 
0.05M 
C i t r i c 
ac id 
0 .0 
- 1.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
+ 3.1 
- 1.5 
+ 4 .5 
0 .0 
+ 1.7 
0 .0 
0.0 
-13 .1 
0.1M ^ 
(NH^)2C03'' 
. 
-
+ 
-
+ 
-
_ 
0.5 
0.8 
0.0 
0.0 
0.0 
0 .0 
0.0 
0 .0 
4.1 
3.6 
4.9 
0.0 
0.0 
0.0 
0.6 
9.5 
0.1M . 
NH^Cl*^ 
- 2 . 0 
0.0 
0.0 
0.0 
0 .0 
0 .0 
0,0 
- 0 .7 
0 .0 
+ 5.0 
mm 
0.0 
0 .0 
0 .0 
0.0 
- 8 .5 
0.1M . 
HCIO^ 
- 1.0 
- 1.0 
0.0 
- 1.2 
0 .0 
0.0 
0.0 
0 .0 
0.0 
0.0 
+ 3.0 
- 0 .8 
- 0.7 
0.0 
- 0 .9 
- 8 .5 
1M HN0-+ 
3% t a r ^ 
t a r i c 
ac id(1:1)® 
- 3 .2 
- 4 .2 
0.0 
0.0 
0.0 
0 .0 
- 0 .9 
0.0 
+ 0.8 
+ 2 .9 
+ 2 .9 
- 0.8 
0 .0 
0.0 
0.0 
- 3.2 
1M HNO,-
5% KNOj' 
( 1 : 1 ) ^ 
- 3.4 
- 1.8 
0.0 
0.0 
0.0 
0.0 
- 1.0 
0.0 
0 .0 
+ 3.2 
+ 2.5 
0,0 
+ 1.0 
0 .0 
0.0 
- 9.4 
''A 
TABLE - XII (Contd . ) 
I o n s 
Rb 
Cs 
Ba 
Sr 
Ca 
Mg 
Be 
Zr 
Th 
I n 
Ru 
I r 
Nb 
W 
Hf 
Se 
0.05M 
C i t r i c 
a c i d 
- 9.1 
- 9.8 
- 1.6 
- 3 .2 
- 3.1 
-
0.0 
0 .0 
0 .0 
0 .0 
0 .0 
0.0 
-
+ 3.4 
0.0 
0.0 
0.1M , 
(NH^)2C03^ 
« M « 
-
-
-
-
-
-
-
-
+ 
+ 
7 . 8 
6 .3 
1.1 
1.6 
6.6 
6.0 
-
0 .0 
0 .0 
4 .4 
0.0 
3.7 
2,1 
0.7 
-
1.5 
0.1M ^ 
NH-Cl 4 
- 9.8 
- 1 0 . 3 
- 7 . 0 
- 6.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
- 1.5 
0 .0 
0.0 
+ 2,7 
0,0 
0.1M ^ 
HCIO/ 4 
- 9.6 
- 9.8 
- 4 .8 
0 .0 
0 .0 
0.0 
0 .0 
0 .0 
0 .0 
0.0 
0 .0 
0.0 
- 0 .9 
0 ,0 
0,0 
- 0 .9 
1M HNO, -1-
3% t a r ^ 
t a r i c 
ac id(1 :1)® 
- 4 .5 
- 5.0 
- 1.2 
- 3.5 
0.0 
0.0 
0 .0 
0 .0 
0.0 
0 ,0 
0 .0 
0.0 
- 1,0 
+ 1,0 
- 1,0 
0 ,0 
1M HNO, 
5% KNO '^ 
( 1 : 1 ) 5 
- 6.6 
- 6.7 
- 3.3 
- 5 .2 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0 .0 
0.0 
0 .0 
0 .0 
0 ,0 
a = 100 Vol t s app l i ed p o t e n t i a l , 3 h o u r s , 
b = 50 Vol ts a p p l i e d p o t e n t i a l , 3 h o u r s , 
c = 40 Vol ts a p p l i e d p o t e n t i a l , 3 h o u r s , 
d = 100 Vol ts a p p l i e d p o t e n t i a l , 8 h o u r s , 
e = 40 Vol t s a p p l i e d p o t e n t i a l , 8 h o u r s . 
( i i ) Sepa ra t ion of one c a t i o n from numerous meta l i o n s ; 
The p o s s i b i l i t y of s e p a r a t i o n of one meta l i o n 
from numerous meta l i o n s was i n d i c a t e d by t h e i r movement 
i n d i f f e r e n t e l e c t r o l y t e s (Table X I I ) . On t h i s b a s i s 
s e p a r a t i o n s of a few meta l i o n s from numerous meta l i o n s 
were explored a s shown i n t a b l e X I I I , 
T A B L E - XIII 
SEPARATION OF ONE CATION FROM NUMEROUS METAL IONS 
ON TIN(IV) PHOSPHATE PAPERS AS INDICATED BY IONIC 
MOVEMENTS. 
Cat ion 
s epa ra t ed 
Background 
e l e c t r o l y t e 
Ions l i k e l y P o t e n t i a l 
to i n t e r f e r e app l i ed 
i n v o l t s 
Time 
Ba 
(-4.8) 
from 47 
cations, 
0.1M HCIO, 100 8 hours 
Sr 
(-3.8) 
from 45 
cations 
1M HCl + 
1M H-P0.(1:1) 
D 4 
40 3 ,, 
Mn 
(-5.3) 
from 45 
cations 
2M HCl + 
2M H,P0^(1:1) 
Rb, Cs 40 3 , , 
Hg(I I ) 
(+7.0) 
from 45 
c a t i o n s . 
0.1M NH.Cl 4 Pd 100 8 , , 
0 
TABLE - XI I I (Con td . ) 
Cat ion 
sepa ra t ed 
Background 
e l e c t r o l y t e 
I o n s l i k e l y P o t e n t i a l 
to i n t e r f e r e app l i ed 
i n v o l t s 
Time 
Pt 
(+4.5) 
from 44 
c a t i o n s . 
Mo 
(+3.1) 
from 44 
c a t i o n s . 
W 
(+3.4) 
from 44 
c a t i o n s . 
K 
( -13 .1 ) 
from 43 
c a t i o n s . 
Rb 
( - 9 . 1 ) 
from 43 
c a t i o n s . 
Cs 
( -9 .8 ) 
from 43 
c a t i o n s 
Ni 
( -1 .3 ) 
from 39 
c a t i o n s . 
0.05M 
a c i d 
0.05M 
ac id 
0.05M 
a c i d 
0.05M 
ac id 
0.05M 
ac id 
0.05M 
ac id 
0.05M 
ac id 
C i t r i c 
C i t r i c 
C i t r i c 
C i t r i c 
C i t r i c 
C i t r i c 
C i t r i c 
Au 
W 
Mo 
Rb, Cs 
K, Cs 
K, Rb 
T l , Co, Cr, 
Pd, Zn, Au 
100 8 hours 
100 
100 
100 
100 
100 
100 
» > 
» » 
» » 
» » 
> » 
» » 
7 
TABLE - XIII(Contd.) 
Cation 
separated 
Cd 
(-5.2) 
from 42 
cations 
Zn 
(-4.2) 
from 42 
cations 
Co 
(-3.3) 
from 41 
cations 
Tl 
(-1.2) 
from 37 
cations 
Background 
electrolyte 
1M HNO^ + 
5% tartaric 
aci d (1:1) 
1M HNO- + 
3% tartaric 
acid(1:1) 
1M HNO- + 
5% KNO-
(1:1) 
0.1M HNO, 
Ions likely 
to interfere 
Co, 
Rb, 
Gd, 
Cs 
Tl, 
Al, 
Hg, 
Mn, Zn, 
Cs 
Co, Rb, 
Ni, Mn, 
Ba, Cr 
Potential 
applied 
in volts 
40 
40 
40 
As, Ce(IV), 100 
Be, . 
Time 
8 hour; 
> > 
» » 
t i 
(iii) Separations practically achieved on Tin(IV) 
phosphate papers7 
Some of the separations explored previously 
(table XIII) were achieved practically. The results 
are summarized in Table XIV. 
T A B L E - XIV 
BINARY AND TERNARY SEPARATIONS ACHIEVED ON TIN(IV) 
PHOSPHATE PAPERS 
Background 
e l e c t r o l y t e 
E l e c t r i c a l 
p o t e n t i a l 
app l i ed and 
time 
S e p a r a t i o n s achieved 
0,5M HCl 
0.1M HNO. 
0.1M NH-Gl 4 
50 V o l t s , 
3 hours 
100 V o l t s , 
8 hours 
100 V o l t s , 
8 hours 
( C r - F e ( I I I ) ) , ( C r - F e ) , 
(Cr -Sb) , (Cr-Ag), 
( C r - T l ) , (Cr -Cd) , 
( C r - H g ( I I ) ) , (Cr-BL), 
( C r - P t ) . 
(T l -Ag) , ( T l - P b ) , 
(Tl -Hg) , ( T l - P e ( I I l ) ) , 
( T l - H g ( I I ) ) , ( T l - B i ) , 
( T l - S b ) , ( T l - A l ) , 
(T l -Cd) , (T l -Cu) , 
( T l - Z n ) , ( T l - I n ) , 
( T l - Z r ) , (T l -Co) , 
( T l - N i ) , ( T l - C r ) , 
( H g ( I I ) - B i ) , (Hg( I I ) -Cd) , 
(Hg-Cu), (Ni-Cu) , 
( N i - F e ( I I l ) ) , (Ni -Zu) , 
(K-Al -T l ) , ( K - F e ( I I I ) - C o ) , 
"•. A 
TABLE - XIV(Contd.) 
Background Potential 
electrolyte applied Separations achieved 
and time 
(K-V), (K-Ca), (K-Mg), 
(Cs-Mg), (Tl-Hg(II)), (Tl-Al), 
(Ni-Ag), (Ni-Al), (Pe(III)-Mn). 
1M HCl + 40 Volts, (Sr-Ba), (Sr-Ca), 
1M H^PO. 3 hours 
(1:1^) ^  (Sr-Mg), (Sr-Y) , 
(Cr-Zn), (Cr-Al), 
(Cr-Pe(III)), (Hg-As), 
(Zn-Al), (K-Ti), 
(K-V), (K-Mo), 
(K-Fe(III)), (Sr-Be), 
(Fe(IIl)-Ti-Al), (Pe(III)-Ti-K), 
(Tl-Fe(III)), (Tl-Cr), 
(Tl-In), (Tl-Ga), 
(In-Ga), (Ga-Be), 
(Be-Cs), (Be-Ba), 
(Be-Mg), (Pt-Ag), (Pt-Cu), 
(Pd-Ag), (Pd-Cu), 
(Ge-Y), (Ge(IV)-Y), 
(Hg-Pb). 
^ A 
TABLE - XIV (Contd . ) 
B9.ekground 
e l e c t r o l y t e 
P o t e n t i a l 
a p p l i ed 
and time 
S e p a r a t i o n s achieved 
0.1M HCIO 4 100 V o l t s , 
^ hours 
2M HCl + 
2M H-PO. 5 4 
( 1 :1 ) 
40 V o l t s , 
8 hours 
( B a - S r ) , (Ba-Rb), 
(Ba-K) , (Ba-Ca), 
(Ba-Mg), (Ba-Be), 
(Ba-La) , (T l -Ag) , 
( T l - A l ) , (K - Z r ) , 
(Ba-Sr-K) . 
(Mn-Cu), (Mn-Ni), 
(Mn-Co), ( M n - F e ( I I I ) ) , 
(Mn-Cr), (Ba-Ca), 
(Ba-Mg), ( S r - C a ) , 
(Cd-Cu), ( T l - B i ) , 
( C d - F e ( I I I ) ) , (Cd-Zn), 
(UOg - V), (UO2 - T l ) , 
(UO2 - F e ( I I I ) ) , (UO2 - Co), 
(Au-Pd-Cu), ( T l - Z n ) , 
( T l - C u ) , ( F e ( I I I ) - C o ) , 
(Ga-Tl -Zn) , 
(Pd-Cu-Ag), (Au-Cu-Ag), 
( F e ( I I I ) - N i ) , (Fe ( I I I ) -^4n) . 
TABLE - XIV (Contd.) 
Background 
electrolyte 
Potential 
applied 
and time 
Separations achieved 
1M HNO^ + 
5% Tartaric 
acid (1:1) 
40 Volts, 
8 hours 
( Z n - F e ( I I I ) ) , (Zn~Al), 
(Zn-Ba) , (Zn-Ca), 
(Zn-Mg), (Cd-Cu), 
(Cd-Pb) , (Cd-As), 
( C d - m ) , (Ag-Pb-Pt ) , 
(Ag-Cu-Cd), (Ag-Cu-Pt) , 
( F e ( I I l ) - C u - C d ) , (K-^g) , 
( S r - B a ) , (Sr-Mg), 
( S r - B e ) , (S r -Ga) , 
( P t - I r - C u ) , (Pt -Au-Cu) , 
0.05M C i t r i c 100 V o l t s , 
a c i d 8 hours 
(K-Ba) , (K-Ca), 
( K - S r ) , (Rb-Ba), 
(Rb-S r ) , (Rb-Ca), 
( C s - S r ) , (Cs-Ca) . 
1M HNO3 + 
5% KNO, 
(1-.1) ^ 
4-0 V o l t s , 
8 hours 
( C o - F e ( I I I ) ) , (Co-Ho), 
(Co-Pd) , (T l -Ag) , 
(T l -Hg) , (Cu-Au-Pt) , 
( P t - S b ) , ( P t - R u ) , 
( P t - I r ) , (Pt-UOg), 
!J2 
TABLE - XIV (Contd . ) 
Background 
e l e c t r o l y t e 
P o t e n t i a l 
app l i ed 
and time 
S e p a r a t i o n s achieved 
1M HCl 40 V o l t s , 
3 hours 
(Cd-As), (Cd-Sb) , 
(Cd-Bi ) , (Cd-Hg), 
( F e ( I I I ) - C r ) , (Cr -Zn) , 
( C r - A l ) , ( N i - F e ( I I I ) ) , 
(Cr-U02), (Ni-Ag) , 
( P t - A g - T l ) , 
(Zn-Al ) , 
( Z r - C r ) , (Cr -Be) , 
( C r - T i ) , (Mg-Cs), 
(Mg-K), (Mg-Rb), 
(C0-UO2), 
( N i - A l ) , 
( M n - F e ( I I I ) ) , (As -T l ) , 
(UOg - Cs ) . 
( F e ( I I I ) - A l ) , ( F e ( I I I ) - C r ) , 
( F e ( I I I ) - C o ) , 
( F e ( I I I ) - N i ) , ( F e ( I I I ) - V ) , 
(Ti-K-V). 
' 1 ; 
TABLE - XIV (Contd.) 
Background 
electrolyte 
Potential 
applied 
and time 
Separations achieved 
1M HCl 40 Volts, 
3 hours 
0.5M HNO, 100 Volts, 
3 hours 
(Ti-Al-K), 
(Fe(III)-Al-K), 
(Mo-Al-K), 
(Hg(II)-Tl-Co), 
(Hg(II)-Tl-Al), 
(Tl-Al-Co), 
(Ni-Cd), (As-Bi), 
(Co-Bi), (Th-V), 
(W-Cr), (Mo-Gr). 
(Ag-Pb), (Ag-Pt-Au), 
(Tl-Pb), (Tl-Pe(III)), 
(Tl-Ga),, (Tl-Ni), 
(Tl-Al-Pd), 
(Tl-Fe(III)-K), 
(Hg(II)-Cu-Au), 
(Hg(II)-Tl-K), 
(As-Bi), (As-Sb), 
(Cd-Ni), (Pe(III)-Cr), 
(Fe(III)-Zn), (UO2-TI), 
TABLE - n v (Contd. ) 
Background P o t e n t i a l 
e l e c t r o l y t e app l i ed and S e p a r a t i o n s achieved 
time 
(UOg-Pt), (UOg-Pd), 
(UOg-Go), (V - K) , 
(V - T l ) , (K - Ba) , 
(K - S r ) , ( Z n - I n - T l ) , 
(Zn-Ga- In ) , ( I n - C u ) , 
( I n - C d ) , ( I n - P b ) , 
( I n - N i ) , ( In -Co) , 
( I n - S b ) , ( I n - B i ) , 
( I n - V ) , (In-Mo) 
(Rb-Ba), (Rb-Sr ) , 
(Ca-Mg), ( C a - S r ) , (Ca-Ba), 
(Ca-K), ( I r - P t ) , ( I r - A u ) , 
0.1M 100 V o l t s , (P t -Ag-Pd) , ( P t - A g - T l ) , 
(NH.)„G0, 8 hours 
^ "^  ^ ( P t - A u - I r ) , (P t -UOg- I r ) , 
(P t -Au-Pd) , ( P b - T l ) , 
( P b - T l - I n ) , ( T l - G a - I n ) , 
( F e ( I I l ) - T l - G a ) , (Mo-W), 
( T i - K ) , (Cs-Ba) , ( C s - S r ) , 
(Ca-Ba) , ( C a - S r ) , 
4 n "^  
TABLE - XIV (Contd.) 
Background Po ten t i a l 
e l e c t r o l y t e applied Separations achieved 
and time 
(Mg-Ba), (B i - In ) , (Bi-Pb), 
(K-Fe ( I I I ) ) , (K-V), (K-Ti), 
(K-Mo-Fe(III)), (Fe(II I ) -Cr-K), 
( I n - F e ( I I I ) ) , (As-Cd), 
(As-Cu), (As-Sb), (As-Pb), 
(As-Co), (As-Ni), (As-Fe( I I I ) ) , 
(Mo-Te), (P t -Hg( I I ) ) , (Pt-Hg), 
(Mg-Zn). 
4 i"; /-^ 
D I S C U S S I O N 
The ion ic movement of d i f fe ren t metal ions 
summarized i n Table XII shows that a number of i n t e r e s t -
ing and d i f f i c u l t separat ions are poss ib l e . The ions 
move i n well defined compact fonn. Some of the ions for 
example, Fe, F e ( I I I ) , Zr and Th do not show any move-
ment in almost a l l of the background e l e c t r o l y t e s and 
remain a t the point of app l ica t ion . I t may be due to 
the high exchange a f f i n i t y of these ions towards the ion 
exchanger. The separat ions p r a c t i c a l l y achieved which are 
l i s t e d i n Table XIV, are obtained with ease , by applying 
a comparatively low voltage and within a reasonable time. 
This i s probably on account of the high s e l e c t i v i t y 
shown by the ion exchanger for these metal ions i n these 
e l e c t r o l y t e s . The metal ions were separated as a r e su l t 
of opposite migration or d i f f e r en t i a l migrat ion. I t was 
found possible to separate Zn from Cd using 2M HCl + 
2M H,P0.(1:1) as e l ec t ro ly t e and a t 100 vo l t s applied 
p o t e n t i a l . Separation of chromium ( I I I ) from binary 
mixtures with potassium and rubidium was p r ac t i c a l l y 
achieved when 0.05M c i t r i c acid was used as e l e c t r o l y t e . 
;)7 
The r e s u l t s show that electrochromatography on 
Tin(IV) phosphate papers has many i n t e r e s t i n g possibi-
l i t i e s of ana ly t i ca l importance. Thus Cd, Cr, Ba and 
Sr can be eas i ly separated from numerous metal i o n s . 
Some d i f f i c u l t binary and ternary separat ions e . g . , 
Fe ( I I I ) - Cr, Sr-Ba, pt-Ru-Cu and Au-Pd-Cu are easi ly 
achieved. 
-H -'i O 
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ELECTROCHROMATOGKAPHIC SEPARATION OF METAL IONS 
ON TIN(IV) PHOSPHATE PAPERS 
MOHSIN QURESHI AND A. H. ISRAILI 
Chemical Laboratories, Aligarh Muslim University, Aligarh, U. P. (India) 
(Received November i6th, 1967) 
Electrochromatography of metal ions has been extensively investigated in 
order to achieve difficult separations and to separate one metal ion from numerous 
metal ions'"''. If, however, ion exchange is combined with electrophoretic migration, 
more interesting results are obtained and the potential of this technique increases. 
Some studies in this direction have shown the superiority of this approach'-^". Very 
little electrochromatographic work on paper impregnated with synthetic inorganic 
ion exchangers seems to have been reported^. In the present report, electrochromato-
graphic studies on tin(IV) phosphate papers are described. 
EXPERIMENTAL 
Apparatus 
Electrochromatography was performed on Whatman No. i paper, of 36 x 2.75 
cm, with a hanging-strip apparatus (Shandon, Ltd., London). 
Reagents 
Chemicals and solvents used were either E. Merck (Darmstadt) or British 
Drug House analytical-grade reagents. Tin(IV) chloride pentahydrate and diammoni-
um hydrogen phosphate were Polish products. 
Preparation of ion-exchange papers. Ion-exchange papers were prepared as 
reported earlier^2. 
The paper strips were placed in 0.5 M tin(IV) chloride for 3 sec. Excess of 
reagent was removed by blotting and the strips were then placed in i.oM"diammonium 
hydrogen phosphate for 5 sec. The strips were again blotted and then dried at room 
temperature. After 1-2 h, they were washed twice with water of pH5 and again dried. 
Test solutions and detection reagents. These were prepared and used as described 
previously!-, -"f^ g ^gst solutions were generally 0.1, M in the metal nitrate or chloride. 
Conventional spot-test reagents were used for detection purposes^^. 
Background electrolyte solutions. Twelve aqueous background electrolyte solu-
tions were used in this study: 0.1, M nitric acid, 0.5 M nitric acid, 0.5 M hydrochloric 
acid, 1.0 M hydrochloric acid, i M hydrochloric acid -\-x M orthophosphoric acid 
(1:1), 2 M liydrochloric acid + 2 M orthophosphoric acid (1:1), 0.05 M citric acid, 
0.1 M ammonium carbonate, 0.1 M ammonium chloride, 0.1 M perchloric acid, i M 
nitric acid-(-5% tartaric acid (1:1), i M nitric acid-1-5% potassium nitrate (1:1). 
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T A B L E I I 
SEPARATIONS ACTUALLY ACHIEVED ON T I N ( I V ) PHOSPHATE PAPERS BY 
ELECTROCHROMATOGRAPHY 
Background 
electrolyte 
0.5 M HCl 
0.1 M H N O 3 
o . i M NH4CI 
Electrical 
potential 
applied 
50 V, 
3 h 
100 V, 
8h 
100 V, 
8 h 
Separations actually achieved 
I M H C l + 
I M H3PO4 
(1:1) 
0.1 M H C l O i 
I M HNO3+ 
5 % t a r t a r i c 
ac id 
0.05 M c i t r ic 
acid 
I M H N O 3 + 
5 % K N O 3 
40 V, 
3h 
100 V, 
8I1 
2 M HCl + 
2 M H3PO4 
( r ; i ) 
40 V, 
8 h 
40 V, 
8 h 
100 V, 
8 h 
40 V, 
8 h 
Cr3+ from b i n a r y m i x t u r e s w i t h 
T1+ from b i n a r y m i x t u r e s w i th 
Hg2+ from b i n a r y m i x t u r e s w i t h 
Ni2+ from b i n a r y m i x t u r e s w i t h 
K+ from b i n a r y m i x t u r e s w i t h 
Cs+ from b i n a r y m i x t u r e s w i t h 
T1+ from b i n a r y m i x t u r e s w i t h 
Fe3+ from b i n a r y m i x t u r e s w i t h 
Cr3+ from b i n a r y m i x t u r e s w i t h 
Zn2+ from b i n a r y m i x t u r e s w i t h 
K+ from b i n a r y m i x t u r e s w i t h 
Sr2+ from b i n a r y m i x t u r e s w i t h 
Ba2+ from b i n a r y m i x t u r e s w i t h 
T1+ from b i n a r y m i x t u r e s w i t h 
K+ f rom b i n a r y m i x t u r e s w i t h 
T1+ from b i n a r y m i x t u r e s w i t h 
Cd2+ from b i n a r y m i x t u r e s w i t h 
Fe^+ from b i n a r y m i x t u r e s w i t h 
Mn2+ from b i n a r y m i x u t r e s w i t h 
UOa^"*" from b i n a r y m i x t u r e s w i t h 
Ba2+ from b i n a r y m i x t u r e s w i t h 
Sr2+ f rom b i n a r y m i x t u r e s w i t h 
Cd2+ from b i n a r y m i x t u r e s w i t h 
Zn2+ from b i n a r y m i x t u r e s w i t h 
K+ from b i n a r y m i x t u r e s w i t h 
Kb+ f rom b i n a r y m i x t u r e s w i t h 
Cs+ from b i n a r y m i x t u r e s w i t h 
Cr3+ from b i n a r y m i x t u r e s w i t h 
T1+ from b i n a r y m i x t u r e s w i t h 
Cd2+ from b i n a r y m i x t u r e s w i t h 
Co 2+ f rom b i n a r y m i x t u r e s w i t h 
Ni2+ from b i n a r y m i x t u r e s w i t h 
Fe3+ from b i n a r y m i x t u r e s w i t h 
Cr3+ from b i n a r y m i x t u r e s w i th 
Pt ' '+ f rom b i n a r y m i x t u r e s w i th 
Ag+, Hga+, T1+, Bi3+, Cd2+, 
Sb3+, Fe2+, Fe3+, P t ' '+ 
Ag+,Pb2+,Hg22+, Hga+, Bi3+, 
Cd2+, Cu2+, Sb3+, Ni2+, 
Co2+, Fe3+, A13+, Cr3+, 
Zn2+, Zr i+ , In3+ 
Bi3+, C d 2 + a n d C u 2 + 
Ag+, Cu2+, Fe3+, A13+, Zn2+ 
¥•»+, Ca2+ a n d Mg2+ 
(K+-A13+-T1+) 
(K+-Fe3+-Co2+) 
Mg2+ 
Hg2+, A13+ 
Mn2+ 
Fe3+, A13+, Zn2+ 
A13+ 
Fe3+, V'»+, Ti' '+, M06+ 
Ba2+, Ca2+, Mg2+, Y3+, 
Be2+ 
La3+, Sr2+, K+, Rb+ , Ca2+, 
Mg2+, Be2+ 
Ag+, A13+ 
Zr4+ 
(K+-Ba2+-Sr2+) 
Bi3+,Cu2+, Zn2+ 
Cu2+, Fe3+, Zn2+ 
Co 2+ 
Cu2+, Ni2+, Co2+, Fe3+, 
Cr3+ 
TI+, Co2+, Fe3+, V»+ 
Ca2+, Mg2+ 
Ca2+ 
(Au3+-Pd2+-Cu2+) 
Pb2+, Cu2+, Bi3+, As3+ 
Fe3+, A13+, Ba2+, Ca2+, 
Mg2+ 
Ba2+, Sr2+, Ca2+, Cr3+ 
Ba2+, Sr2+, Ca2+, Cr3+ 
Sr2+, Ca2+ 
K+, Rb+ 
Ag+, Hg22+ 
Hg22+, Bi3+, Sb3+, As3+ 
Fe3+, Pd2+, Moii+ 
Ag+, Fe3+ 
Cr3+ 
A13+, Zn2+, UO22+ 
Cu2+, Sb3+, UO22+, Au3+, 
Ru3+, I r i+ 
(Cu2+--Au3+-Pt' '+) 
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Procedure 
The electrophoresis apparatus was filled to the mark with background electro-
lyte and tin(IV) phosphate ion-exchange paper strips, which formed the stabilization 
medium, were placed in position and allowed to become saturated with the electrolyte. 
Then a small drop (0.02 ml) of the test solutions containing 2-10^0 moles of the ion 
was applied separately on each strip in the middle with the help of thin glass capillaries. 
The time of migration and the potential applied is specified in each case (see Tables). 
The migration of zones of ions towards anode or cathode was measured from the point 
of application upto the middle of the zone. On the basis of the results of exploratory 
experiments and distances of electrical migration of the zones of individual ions, syn-
thetic mixtures of particular ions containing 2- io-8 moles of each ion were prepared 
and were applied as in the case of individual ions for separation. 
RESULTS A\D DISCUSSIOX 
As a result of this electrochromatographic study on tin(IV) phosphate ion-ex-
change papers and with the use of suitable background electrolytes and appropriate 
potential, a large number of separations was found feasible. The results are described 
under two heads (i) ionic movements in different electrolytes (Table I), and [ii) 
separations actually achieved (Table II) . In Table I, the movements of ions towards 
the anode and cathode are shown respectively by a positive and a negative sign, while 
ions which do not show movement are marked as 0.0. 
A cursory inspection of the results of movements of ions recorded in Table I 
reveals that a number of interesting and difficult separations are possible. To mention 
afew,Tl+, Iig2+, As3+, Ni2+, C02+, Mn2+, Cr3+, Zn2+, M08+, W8+, Pd2+, Pt4+, Au3+, 
Ba'^^, Sr-+, K+, Rb+, Cs+, etc., can be separated from numerous metal ions. This is 
probably due to the high selectivity shown by the ion exchanger and the background 
electrolytes. The metal ions were separated as a result of opposite migration or dif-
ferential migration. Experimental support for some of the separations suggested by 
the results recorded in Table I was obtained by carrying out various representative 
and selecti\-e separations (Table I I ) . I t was found possible to separate chfomium(III) 
from binary mixtures with potassium and rubidium when 0.05 M citric acid was used 
as electrolyte. Both binary and ternary separations were feasible. 
The results show that electrochromatography on tin(IV) phosphate papers 
has many interesting possibilities of analytical importance. Thus Cd^^, Cr3+, Ba2+ and 
Sr2+ can be easily separated from numerous metal ions. Some difficult binary and 
ternary separations, e.g., Fe3+-Cr3+, Pt'*--Ru3+-Cu2+, Au3+-Pd2+-Cu2+, and Sr2+-
Ba2+ are easily achieved. 
The authors are grateful to A. K. K I D W A I for the facilities provided. One of 
us (A.H.I.) also thanks HAKIM ABDUL H A M E E D , President, Insti tute of Historv of 
Medicine and Medical Research, New Delhi, for his interest and encouragement. 
SUMMARY 
Electrochromatographic separations on tin(IV) phosphate papers in 12 back-
ground electrolytes are described. Migration distances for 48 ions are given. Many 
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binary as well as ternary separations are readily achieved, e.g. Fe-Cr, Sr-Ba, P t -Ru-
Cu and Au-Pd-Cu. 
RESUME 
On decrit des separations electrochromatographicjues sur papiers au phosphate 
d'etain(IV) avec 12 electrolytes de base differents. On donne les distances de migratipn 
de 48 ions. De nombreuses separations binaires et ternaires sont ainsi possibles, par 
exemple: Fe-Cr, Sr-Ba, Pt-Ru-Cu et Au-Pd-Cu. 
ZUSAMMENFASSUNG 
Es werden elektrochromatographisclie Trennungen auf Zinn(IV)-Phosphat-
Papieren unter Verwendung von 12 Grund-Elektrolyten beschrieben. Die Wande-
rungsabstiinde fiir 48 lonen werden angegeben. Viele binare als auch ternare Tren-
nungen gelingen schnell, z.B. Fe-Cr, Sr-Ba, Pt-Ru-Cu und Au-Pd-Cu. 
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S U M M A R Y 
This t h e s i s summarizes the s tud ies done by the 
author on three aspects of ion exchange: 
(i ) synthesis of a new ion exchanger; 
( i i ) separat ion of metal ions on papers impregnated 
with a new ion exchange mater ia l ; 
( i i i ) electrochromatographic separat ion of metal ions 
on the ion exchange papers . The r e s u l t s are 
summarized under the above heads, 
SYNTHESIS OF A NEW ION EXCHANGER: 
Thirteen s tannic ferrocyanides have been prepared 
by mixing so lu t ions of s tannic chloride and potassium 
ferrocyanide under d i f f e ren t condi t ions . Their method 
of prepara t ion and t h e i r important p roper t i e s are sum-
marized i n Table I . 
T A B L E - I 
CCMPARISON OF PROPERHES OF DIFFERENT PERROCYANIDES 
Sample Method of 
No. p r e p a r a t i o n 
S o l u b i l i t y i n 
Composi- I o n water 
t i on exchange mgs of mgs of 
Sn : Fe c a p a c i t y Sn/ Fe / 
m»eq/gram 50 ml 50 ml 
S - 1 0.1M SnCl^ + 9 .2 : 1 
0.1M K^Fe(CN)g 
( 1 : 1 ) , pH 4 
S - 2 0.1M SnCl^ + 3 . 2 : 1 
0.1M K^Fe(CN)g 
( 2 : 1 ) , pH 4 
S - 3 O.IM SnCl^ + 
0.1M K^Fe(GN)g 
( 1 : 2 ) , pH 4 
S - 4 O.IM SnCl^ + 
O.IM K^Fe(CN)g 
( 1 : 3 ) , pH 4 
S - 5 0.1M SnCl^ + 3 : 5 
O.IM K.Pe(CN)g 
( 1 : 1 ) , pH 1 
S - 6 O.IM SnCl^ + 100: 1 
O.IM K4Fe(CN)g 
( 1 : 1 ) , pH 6.9 
(NH^OH) 
S - 7 O.IM SnCl^ + 
O.IM K^Fe(CN)g 
( 1 : 1 ) , pH 9.9 
(NH^OH) 
S - 8 O.IM SnCl^ + 
O.IM K.Fe(CN)g 
(1:1 ) , pH 13(NaOH) 
0.60 
1.30 
0.05 
0.112 0.06 
2.29 0.084 0.05 
0.11 0.00 
9 
TABLE - K C o n t d . ) 
Composi- I o n S o l u b i l i t y i n 
Sample Method of t i o n exchange water 
No. p r e p a r a t i o n Sn : Fe c a p a c i t y mgs of mgs of 
m.eq / Sn/ F e / 
gram. 30 ml 50 ml 
S - 9 0.02M SnCl. + 4 : 5 3.40 - 0.06 
0.02M K^Fe(CN)g 
( 1 : 1 ) , pH 1 
S - 10 0.01M SnCl. + 4 : 5 2.95 0.056 0.07 
0.01M K^Fe(GN)g 
( 1 : 1 ) , pH 1 
S - 11 0.1M SnCl + 5 : 2 2.02 0.068 0.00 
0.1M K^Fe(CN)g 
( 3 : 1 ) , pH 0.8 
S - 12 0.04M SnCl^ + 7 : 5 2 .5 0.120 0.045 
0.04M K^Fe(CN)g 
( 3 : 2 ) , pH 1.3 
S - 13 0.02M SnCl. + 5 : 2 1.97 0.018 0.10 
0.02M K^Fe(CN)g 
( 2 : 1 ) , pH 1.6 
From the above table it is clear that sample 
No. S-11 is the most stable. This sample was therefore 
taken up for detailed studies. The following additional 
studies were performed with this sample: 
( a ) D i s t r i b u t i o n c o e f f i c i e n t of meta l i o n s ; 
The d i s t r i b u t i o n c o e f f i c i e n t s of 22 metal i o n s 
are g iven i n t a b l e I I , 
T A B L E - I I 
Kjj VALUES OF METAL IONS ON STANNIC FERROCYANIDE 
Metal 
i o n 
P b ( I I ) 
Cd( I I ) 
Cu( I I ) 
A l ( I I I ) 
G a ( I I I ) 
N i ( I I ) 
Co( I I ) 
Mn(II ) 
Z n ( I I ) 
B a ( I I ) 
S r ( I I ) 
C a ( I I ) 
Mg(I I ) 
Compound 
used 
n i t r a t e 
c h l o r i d e 
su lpha te 
c h l o r i d e 
c h l o r i d e 
su lpha te 
c h l o r i d e 
su lpha te 
c h l o r i d e 
c h l o r i d e 
n i t r a t e 
n i t r a t e 
n i t r a t e 
K, va lue 
i n water 
OQ 
oo 
2520 
OO 
1680 
OQ 
oa 
oo 
oO 
704.5 
U 6 5 . 2 
484 
2470 
i n 0.1M HNO, 
1693 
1600 
2520 
236.4 
175 
840 
588,5 
622.2 
1360 
19.4 
9 .5 
0.00 
5.3 
4 
TABLE - I I (Contd . ) 
Metal 
i o n 
K(I) 
Na( l ) 
I n ( I I I ) 
Y ( I I I ) 
Fe ( I I I ) 
B i ( I I I ) 
Sm(I I I ) 
N d ( I I I ) 
P r ( I I I ) 
Compound 
used 
c h l o r i d e 
c h l o r i d e 
su lpha te 
n i t r a t e 
alum 
n i t r a t e 
c h l o r i d e 
c h l o r i d e 
c h l o r i d e 
K, va lue 
i n water i n 
52.6 
20.6 
21.4 
8800 
156.9 
OO 
1905.2 
B13.3 
486.3 
0.1M HNO^  
17.4 
-
0.00 
362.5 
10.9 
120 
66.6 
8 .5 
10.9 
(b) Stabil i ty in different solvents; 
The s tab i l i ty of stannic ferrooyanide (S-11) 
in 
was determined in water and/acids of different molarity. 
Table I I I summarizes the resu l t s . 
T A B L E - I I I 
SOLUBILITY OF STANNIC FERROCYANIDE IN WATER AND ACIDS 
Solven t 
D i s t i l l e d 
water 
0.1M HCl 
0.1M HNO5 
0.5M HNO3 
1M HNO5 
0.1M HgSO^ 
Amount of Sn 
d i s s o l v e d i n 
50 ml(mgs) 
0.068 
0.024 
0.056 
0.192 
0.192 
0,18 
(c ) Thermogravimetry: 
Amount of Fe 
d i s s o l v e d i n 
50 ml(mgs) 
0 .00 
17.5 
3.5 
3 .5 
5.75 
15.75 
F i g . 1 shows the r e s u l t s of thermogravimetr ic 
a n a l y s i s f o r sample No. S - 1 1 . 
(d) pH- t i t r a t i on curve: 
The pH- t i t r a t i on curve for s tannic ferrocyanide 
(S-11) i s shown i n Fig. 2. 
(e) Elut ion curve; 
I t was car r ied out by using ^ NaNO, so lu t ion , 
(Fig. 3) . 
6 
75 150 225 300 375 450 525 600 675 750 825 900 
Temperature (°C) 
FIG.l. THERMOGRAM OF 
STANNIC FERROCYANIDE 
2 3 A 5 6 7 8 
OH ions added (m.eq.) 
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(f) X-Hay ana lys i s ; 
The X-Ray d i a l y s i s of S-11 indica ted tha t s tannic 
ferrocyanide i s s l i gh t l y c r y s t a l l i n e a t room temperature. 
The c r y s t a l l i n e character inc reases with the r i s e i n 
temperature and a t 400^0 a good X-Ray pa t te rn i s obtained, 
As a r e s u l t of the above s tudies the following 
s t ruc ture i s t en t a t i ve ly proposed. 
HO - Sn 
/ 
HFe(CN)g -
HO - Sn 
II 
0 
OH 
I 
Sn 
\ 
OH 
0 
Sn - OH 
I 
HFe(CN)>; 
I ° 
Sn - OH 
0 
eHgO 
The u t i l i t y of t h i s i o n exchanger was a l s o explored for 
a n a l y t i c a l s e p a r a t i o n s . I t was found t h a t Ga i s i r r e -
v e r s i b l y adsorbed on s t a n n i c fe r rocyan ide column;and 
t h e r e f o r e i t should be p o s s i b l e to s e p a r a t e I n ( I I I ) , 
A l ( I I I ) , Z n ( l l ) , F e ( I I I ) e t c . , from Ga us ing t h i s i o n 
exchanger . The work i s , h o w e v e r , i n p r o g r e s s and needs 
f u r t h e r s t u d i e s . 
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SEPARATION OF METAL IONS ON PAPERS IMPREGNATED WITH 
A NEW ION EXCHANGE MATERIAL 
S tann ic s e l e n i t e pape r s were prepared us ing the 
fo l lowing method of p r e p a r a t i o n : 
The p l a i n Whatman No. 1 paper s t r i p s 20 x 5 cm,, 
were f i r s t impregnated with an aqueous s o l u t i o n of 
s t ann i c c h l o r i d e ( 8 . 2 ^ ) , d r i e d and then these were 
passed through an aqueous s o l u t i o n of selenium dioxide 
(6,1%), The pape r s were d r i e d , washed and aga in d r i ed 
and used a s such. 
These pape r s were spo t t ed with 0.1M s o l u t i o n of 
the fo l lowing c a t i o n s : 
B e ( I I ) , M g ( l l ) , A l ( I I I ) , K ( I ) , C a ( I l ) , T i ( I V ) , V(IV), 
C r ( I I I ) , M n ( I I ) , F e ( I I ) , P e ( I I I ) , C o ( I I ) , N i ( I I ) , 
C u ( I I ) , Z n ( I I ) , G a ( I I I ) , A s ( I I I ) , R 1 D ( I ) , S r ( I I ) , 
Y ( I I I ) , Z r ( I V ) , Nb(V), Mo(VI), R u ( I I I ) , P d ( I l ) , A g ( I ) , 
G d ( I I ) , I n ( I I I ) , S b ( I I I ) , Te( IV) , C s ( I ) , B a ( I I ) , L a ( I I l ) , 
G e ( I I I ) , Ge(IV), W(VI), I r ( l v ) , P t ( I V ) , A u ( I I l ) , H g ( I ) , 
H g ( I I ) , T 1 ( I ) , P b ( I I ) , B i ( I I I ) , Th(IV) , UOgCll), Hf(IV). 
Detectors; The following detectors were used: 
Ag, Pb, Hg, Hg(II), Tl, Bi, Gd, As, Sb, Pd and 
11 
Te were detected with a dilute solution of yellow 
ammonium sulphide, A freshly prepared cobaltinitrite 
solution was used to detect K, Rb, and Cs. La, Ce, 
Ce(IV), Y, Ca, In, Ir, Zr, Th, Hf and Nb were detected 
with 0.1% alcoholic alizarine Red S solution, Au was 
detected with an aqueous ^% solution of hydroquinone. 
Pt was detected with ^% solution of potassium iodide. 
For the detection of Mo, SnCl2 - HCl containing ammonium 
thiocyanate reagent was used. Al, Be and Ga were 
detected with ^% alcoholic aluminon solution. Alcoholic 
solution of diphenyl carbazide detected Mn, Zn and Cr, 
Fe(III), UOpj V, Cu and Ti were detected with K.Fe(CN)g 
solution, Ni and Co were detected with dimethyl glyoxime 
solution, A freshly prepared solution of sodium rhodi-
zonate located Ba and Sr, Mg was detected with quinali-
zarine. W was detected with aqueous solution of pyro-
gallol. Ru was detected with SnClg - HCl reagent. 
Potassium ferricyanide was employed to detect Fe(II), 
The chromatographic behaviour of these metal 
ions was systematically studied in 40 solvent systems. 
As a result of this study a number of separations 
were developed. The results are summarized in Tables 
IV and V, 
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T A B L E - IV 
SEPARATION OP ONE CATION FROM NUMEROUS METAL IONS ON 
STANNIC SELENITE PAPERS AS PREDICTED BY R^ VALUES 
Meta l i o n 
s e p a r a t e d Solvent system 
I o n s l i k e l y 
to i n t e r f e r e Time 
Au MeOH + 1CM HCl + 
( 1 . 0 0 - 0 . 8 0 ) AcOH ( 4 : 1 : 6 ) 
from 46 
metal i o n s 
Ni l 40 mts . 
Hg( I I ) 
( 0 . 8 0 - 0 . 6 0 ) 
from 38 
meta l i o n s 
> » i» Hg, B i , Cd, Sb , Ga, 
Mo, Zn, P t . 
» » 
Sb 
( 0 . 6 7 - 0 . 6 0 ) 
from 39 
metal i o n s 
> » » » Hg, H g ( I I ) , B i , Cd, 
Fe , Zn, Mo, Ga. 
> » 
Zn 
( 0 . 6 5 - 0 . 5 4 ) 
from 36 
meta l i o n s 
• » » » 
Hg, H g ( I I ) , B i , Sb, 
Fe , F e ( I I I ) , Mo, Ga, 
Cd, P t . 
» » 
I n 
( 0 . 5 0 - 0 . 3 3 ) 
from 36 
meta l i o n s . 
> t t » Pd, UOg, Cu, Fe , 
F e ( I I I ) , Ga, Gd, Mo, 
P t . 
» » 
Ga 
( 0 . 7 7 - 0 . 6 5 ) 
from 31 
meta l i o n s 
MeOH + 10M HCl + 
AcOH ( 6 : 1 : 4 ) 
Hg, H g ( I I ) , BL, Gd, 
Sb, Cr, Zn, La, Pd, 
I n . 
» » 
Cs 
( 0 . 8 1 - 0 . 6 0 ) 
from 31 
meta l i o n s 
30?g HCOOH H g ( I I ) , E L , Cd, pd, 20 mts. 
Au, Ga, Rb, K, S r , Ca, 
Be, Mg, Nb. 
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TABLE - IV(Contd . ) 
Metal i o n 
s epa ra t ed Solvent system 
I o n s l i k e l y to 
i n t e r f e r e Time 
Mo 
( 1 . 0 0 - 0 . 8 0 ) 
from 56 
meta l i o n s . 
O.IM C i t r i c a c i d + 
0.1M Na2HP0^(pH 7 ) 
H g ( I I ) , Pd , P t , K, 20 mts. 
Nb, W, A l . 
W 
( 0 . 9 5 - 0 . 6 6 ) 
from 35 
meta l i o n s . 
> > » » 
H g ( I I ) , Al , Mo, Pd, , , 
P t , Rb, K, Nb, Be. 
K 
( 0 . 8 1 - 0 . 6 3 ) 
from 40 
metal i o n s 
0.1M H BO^ + 
0.1M NaOH(pH 10) 
H g ( I I ) , Pd, Au, Th, , , 
Nb. 
Ni 
( 1 . 0 0 - 0 . 9 0 ) 
from 31 
meta l i o n s . 
^% EDTA Cu, Mn, Fe, F e ( I I I ) , , , 
Te, pd, Ga, Hg, Zr , 
I n , I r , Nb. 
Mg 
( 1 . 0 0 - 0 . 9 3 ) 
from 41 
meta l i o n s 
0.1M NH.Cl 4 H g ( I I ) , Pd, Zm I » 
Nb 
(1 .00 -0 .90 ) 
from 40 
metal i o n s 
0.1M HCIO, K, Pd, Ga, H g ( I I ) , 
Be. 
» » 
Be 
( 1 . 0 0 - 0 . 9 0 ) 
from 40 
metal i o n s . 
» » » » 
Pd, K, Ga, H g ( I I ) , 
Nb. 
> 1 
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T A B L E - V 
BINARY AND TERNARY SEPARATIONS PRACTICALLY ACHIEVED 
ON STANNIC SELENITE PAPERS 
Solvent 
system Sepa ra t i ons achieved Time 
MeOH + Cs(O.OO) - Rt)(0.32-0.21) 40 m t s . 
10M HCl + 
HC00H(6:2:2) Gs(O.OO) - K(0 .28-0 .20) 
Tl(O.OO) - A l ( 0 . 8 l - 0 . 3 2 ) 
Tl(O.OO) - l n ( 0 . 8 5 - 0 . 6 1 ) 
Mg(0.96-0.85) - S r ( 0 . 2 8 - 0 . 0 0 ) 
I n ( 0 . 8 5 - 0 . 6 1 ) - Ccl(0.38-0.18) 
Gd(0 .38-0 .18) - Cu(0 .78-0 ,60) -
Z n ( 0 . 9 7 - 0 . 9 0 ) . 
Tl(O.OO) - P b ( 0 . 5 3 - 0 . 1 8 ) - B i ( 0 . 9 2 - 0 . 8 1 ) 
0.1M HgSO^ F e ( I I I ) ( 0 . 1 2 - 0 . 0 0 ) - V(0 .52-0 .34) 20 mts. 
F e ( I I I ) ( 0 . 1 2 - 0 . 0 0 ) - A l ( 0 . 9 1 - 0 . 5 0 ) 
Mo(0 .10-0 .00) - C r ( 1 . 0 0 - 0 . 9 0 ) 
2N HNO, + K(0 .81-0 .50) - Mo(0.06-0 .00) 
| ? f l ) " ^ ° ° ^ K(0 .81-0 .50) - T i ( 0 . 0 7 - 0 . 0 0 ) 
Pb (0 .50 -0 .27 ) - Hg(O.OO) 
F e ( I I I ) ( 0 . 3 8 - 0 . 0 0 ) - Mn(0,90-0 .60) 
Ce(0 .70-0 .42) - Ce( IV)(0 .00) 
Ce(IV)(0 .00) - L a ( 0 . 8 1 - 0 . 5 0 ) 
Ba(0 .90-0 .81) - S r ( 0 . 7 8 - 0 . 5 0 ) 
.11 O 
TABLE - V(Contd.) 
Solvent 
system S e p a r a t i o n s achieved Time 
0.1M HCIO 4 
0.1M HCl 
2N HRO, + 
10^ T a r t a r i c 
ac id ( 1 : 1 ) 
0.1M NH.Cl 4 
1.0M HCIO, 
Zr(O.OO) - Nb(1 .00-0 ,90) 
Nb(1 .00-0 .90) - V(0 .32-0 .07) 
Nb(1 .00-0 .90) - Mo(O.OO) 
Be(1 .00-0 .90) - A l ( 0 . 6 4 - 0 . 3 7 ) 
Be (1 .00 -0 .90 ) - Mg(0 .80-0 .57) 
A l ( 0 . 6 4 - 0 . 3 7 ) - Gr (0 .17 -0 .00 ) 
F e ( I I I ) ( 0 . 0 0 ) - Cu(0 .40-0 .29) 
Cu(0 .40-0 .29) - P b ( 0 , 1 4 - 0 . 0 0 ) 
Ti(O.OO) - 7 ( 0 . 4 5 - 0 . 2 2 ) 
F e ( I I I ) ( 0 . 0 0 ) - T1(0 .30-0 .13) 
K(0 .93-0 .73) -Mo(O.OO) - 7 ( 0 . 4 5 - 0 . 2 2 ) 
K(0 .93-0 .73) - Ti(O.OO) - 7 ( 0 . 4 5 - 0 . 2 2 ) 
Ce(0 .50-0 .43) - 1 ( 0 . 6 8 - 0 . 5 7 ) 
Mg(1.00-0 .93) - B a ( 0 . 8 4 - 0 . 1 6 ) 
Mg(1.00-0 .93) - S r ( 0 . 8 3 - 0 . 3 7 ) 
Y(0 .78-0 .45) - C e ( I 7 ) ( 0 . 0 0 ) 
1 ( 0 . 7 8 - 0 . 4 5 ) - Zr(O.OO) 
U02(0.54-0.13) - 7 ( 0 . 8 1 - 0 . 6 3 ) 
20 mts . 
6 
TABIiE - V(Contd.) 
system* S e p a r a t i o n s achieved Time 
MeOH + 10M HCl G a ( 0 . 7 7 - 0 . 6 5 ) . - Tl(O.OO) 40 mts . 
+ ACOH ( 6 : 1 : 4 ) 
Au(1 .00-0 .86) - Ag(0 .22-0 .00) -
P t ( 0 . 6 3 - 0 . 4 5 ) 
Au(1 .00-0 .86) - Ag(0 .22-0 .00) 
Pd (0 .51 -0 .27 ) 
Sb(0 .67-0 .60) - I n ( 0 . 5 0 - 0 . 3 3 ) 
Zn(0 .65-0 .54) - P b ( 0 . 2 0 - 0 . 0 0 ) 
I n ( 0 . 5 3 - 0 . 3 3 ) - 11 (0 .09 -0 .00 ) 
17 .-
f 1 
» » 
1^ EDTA Mg(1.00-0.93) - Be(0 .35-0 .17) 20 mts , 
La(0 .21-0 .00) - Y(0 .53-0 .34) , , 
C r ( 0 . 1 6 - 0 . 0 0 ) - Co(0 .67-0 .47) -
ML(1 .00-0 .90 ) , , 
N i (1 .00 -0 .90 ) - 0 0 ( 0 . 6 7 - 0 . 4 7 ) -
T l ( 0 . 0 8 - 0 . 0 0 ) , , 
MeOH + AcMe + Ba(0 .13-0 .00) - S r ( 0 . 4 6 - 0 . 2 0 ) 40 m t s . 
0.1M HCl 
( 1 : 1 : 1 ) Ag(O.OO) - Cu(0 .98-0 .60) , , 
0.1M H^BO^ + K(0 .81-0 .63) - Cs (0 .40 -0 .20 ) 20 mts. 
°pH^10^°" K(0 .81-0 .63) - Rb(0 .50-0 .30) , , 
MeOH + 10M HCl H g ( I I ) ( 0 . 8 0 - 0 . 6 0 ) - T l ( 0 . 0 9 - 0 . 0 0 ) 40 m t s . 
+ ACOH 
( 4 : 1 : 6 ) H g ( I I ) ( 0 . 8 0 - 0 . 6 0 ) - Cu(0 .40-0 .23) » » 
» » 
> » 
» > 
TABLE - V(Contd.) 
Solvent 
system Separations achieved Time 
0.1M Citric Mo(l.00-0.80) - V(0.54-0.31 ) 20 mts. 
acid + 
0.1M Na^HPO^ Mo(1.00-0.80) - Al(0.70-0.50) ,, 
^^^'^^ W(0.95-0.66) - 7(0.54-0.31) ,, 
Cs(0.62-0.45) - K(0.90-0.70) ,, 
W(0.95-0.66) - V(0.54-0.31) - Cr(O.OO) ,, 
The charges on the cations were determined by 
electrochromatography of the ions in some aqueous 
solvent systems on plain Whatman No. 1 papers. 
ELECTROCHR.CMATOGRAPHIC SEPARATION OF METAL IONS ON 
THE ION EXCHANGE PAPERS 
Stannic phosphate papers were prepared as follows: 
Aqueous solutions of Tin(IV) chloride (0.5M) and 
diammonium hydrogen phosphate (1.0M) were prepared. 
Paper strips were first passed through stannic chloride 
solution for 3 seconds. Excess of the reagent was removed 
by blotting and the strips were then placed in diammonium 
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hydrogen phosphate for 5 seconds. The strips were again 
blotted and then dried at room temperature. After 1-2 
hours, they were washed twice with water till the pH of 
the washings became about 5. They were then dried and 
used as such. 
The movement of the following cations was studied: 
Ag(I), Pb(II), Hg(I), Hg(II), T1(I), Bi(III), Cd(II), 
Cu(II), As(III), Sb(III), Ni(II), Go(II), Mn(II), Fe(II), 
Fe{III), Al(III), Cr(III), Zn(II), La(III), Ce(III), 
Ce(IV), UOgClI), V(IV), Se(IV), Te(IV), Mo{VI), Pt(IV), 
Pd(II), Y(III), Au(III), Ti(IV), Qa(iri:)„ K(I), Rb(I), 
Cs(I), Ba(II), Sr(II), Ca(II), Mg(II), Be(II), Zr(IV), 
Th(IV), In(III), Ru(III), Ir(IV), Nb(V), Hf(IV). 
Test s o l u t i o n s and d e t e c t o r s were prepared i n the 
same manner a s d e s c r i b e d e a r l i e r . 
The fo l lowing e l e c t r o l y t e s were used: 
0.1M HNO^, 0.5M HNO^, 0.^1 HCl, l . a ' I HCl, 1M HCl + 
1M H , P 0 ^ ( 1 : 1 ) , m HCl + m H ^ P 0 , ( 1 : 1 ) , 0,05M C i t r i c 
a c i d , 0.1M(NH^)2 CO^, 0.1M NH^Cl, 0.1M HCIO^, 1M HNO^  + 
3% T a r t a r i c a c i d ( 1 : 1 ) , 1M HNO, + 5% KNO^  ( 1 : 1 ) . 
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The r e s u l t s of e lec t rochromatography a re summarized 
i n Tables VI and VII . 
T A B L E - VI 
SEPARATION OP ONE METAL ION FROM NUMEROUS METAL IONS 
AS PREDICTED BY IONIC MOVEMENTS 
Cation Background 
separated electrolyte 
Ions likely to Poten- Time 
interfere tial 
applied 
Ba 
(-4.8) 
from 47 
cations 
0.1M HCIO, 100 8 hours 
Sr 
(-3.8) 
from 45 
cations 
1M HCl + 1M H-PO. 3 4 
(1:1) 
40 3 , , 
Mn 
( - 5 . 3 ) 
from 45 
c a t i o n s . 
2M HCl + 2M H,PO. 5 4 
(1:1) 
Rb, Cs 40 » » I > 
Hg(I I ) 
(+ 7 . 0 ) 
from 45 
c a t i o n s . 
0.1M NH.Cl 4 Pd 100 8 , , 
Pt 
(+ 4 . 5 ) 
from 44 
c a t i o n s 
0.05M C i t r i c acid Au 100 
« • » » 
(+ 3 .4) 
from 44 
c a t i o n s . 
f > » » Mo * f f t f 
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TABLE - VI(Contd. ) 
C a t i on 
s e p a r a t e d 
Mo 
(+ 3 . 1 ) 
from 44 
c a t i o n s 
K 
( - 1 5 . 1 ) 
from 43 
c a t i o n s 
Rb 
( - 9 . 1 ) 
from 42 
c a t i o n s 
Cs 
( - 9 . 8 ) 
from 43 
c a t i o n s 
Ni 
( - 1 . 3 ) 
from 39 
c a t i o n s 
Cd 
( - 5 . 2 ) 
from 42 
c a t i o n s 
Zn 
( - 4 . 2 ) 
from 42 
c a t i o n s 
Co 
( - 3 . 3 ) 
from 41 
c a t i o n s . 
Tl 
( - 1 . 2 ) 
from 37 c a t i 
Background 
e l e c t r o l y t e 
0.05M C i t r i c a c i d 
» » » > 
» » 11 
11 11 
11 11 
1M HNO- + 
3% T a r t a r i c 
a c i d ( 1 : 1 ) 
11 11 
1M HNO- + 
5% KNO5 ^^  • "* ^ 
0.1M HNO3 
ons ^ 
I o n s l i k e l y P o t e n t i a l 
t o i n t e r f e r e a p p l i e d 
¥ 
Rb, 
K, 
K, 
T l , 
P d , 
Co, 
Rb, 
Cd, 
T l , 
Ba , 
Hg, 
1 
100 
Cs , , 
Cs , , 
Rb 
Co, C r , , , 
Zn , Au 
Mn, Zn , 40 
Cs 
Co, Rb,Cs , , 
Ni , Mn, A l , , , 
C r . 
A s , Ce(IV) 100 
Be, Pd . 
Time 
8 hour; 
» 1 
11 
11 
11 
11 
11 
11 
11 
Binary and Ternary s e p a r a t i o n s a c t u a l l y achieved 
a r e summarized i n Table VI I . 
T A B L E - VII 
BINARY AND TERNARY SEPARATIONS ACTUALLY ACHIEVED 
Background 
electrolyte 
Electrical 
potential 
applied and 
time. 
Separations achieved 
0.1M HNO. 
0.1M NH.Cl 
100 V o l t s , 
8 h o u r s . 
100 V o l t s , 
8 h o u r s . 
(Tl - Ag) , (Tl - Pb) 
( F e ( I I I ) - Mn), 
(K -Al - TlUK - F e ( I I I ) -Co) 
1M HCl + 
1M H^PO^ 
( 1 :1 ) 
0.1M HCIO, 
2M HCl + 
(1 :1^) 4 
40 V o l t s , 
3 h o u r s . 
100 V o l t s , 
8 h o u r s . 
40 V o l t s , 
8 h o u r s . 
( S r - B a ) , ( S r - C a ) , ( S r - M g ) , 
( C r - Z n ) , ( I n - G a ) , ( P t - A g ) , 
(P t -Cu) , (Pd -Ag) , (Pd -Cu) , 
( F e ( I I I ) - T i - A l ) , ( F e ( I I I ) - T i - K ) 
(Ba -S r ) , (Ba -Ca ) , (Ba -Be ) , 
(Ba-Mg),(Ba-La) , 
(Ba-Sr-K) 
(Cd-Zn) , (Mn-Fe( I I I ) , (Cd-Cu) , 
(UO2 - V), 
(Au-Pd-Cu),(Ga-Tl-Zn) , 
(Pd-Cu-Ag),(Au-Cu-Ag) 
TABLE - V i K C o n t d . ) 
Background 
electrolyte 
Electrical 
potential 
applied and 
Time-
Separations achieved 
1M HNO, + 
3% T a r t a r i c 
a c i d ( 1 : 1 ) 
1M HNO, + 
5% KNO-
(1:1) 
40 V o l t s , 
8 h o u r s . 
40 Volts, 
8 hours 
(Ag-Pb-Pt ) , (Ag-Cu-Pt ) , 
( F e ( I I I ) ~ Cu - Cd), 
( P t - I r - C u ) , (Pt-Au-Cu), 
(Sr -Cs) , (Cs-Ca) 
(Cu-Au-Pt) , ( P t - I r ) , 
(P t -Ag-Tl ) , (C0-UO2) 
0.5M HNO. 100 V o l t s , 
3 h o u r s . 
0.1M (NH )^C0_ 100 V o l t s , 
^ ^ ^ 8 h o u r s . 
(T l -Al -Pd) , (Hg(II)-Cu-Au), 
J-
(UOg-Pt), (UOg-Pd), 
( Z n - I n - T l ) , (Zn-Ga-In) , 
( I r - P t ) . 
( P t - A u - I r ) , (P t -UOp-I r ) , 
(P t -Au-Pd) , ( P b - T l - I n ) , 
(T l -Ga - In ) , (Cs -Ba ) , 
(Cs-Sr) 
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